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(54) OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR THE PRODUCTION OF OLEFIN 
POLYMERS 



(57) The present invention provides olefin polymeri- 
zation catalysts which can produce olefin polymers with 
excellent polymerization activity and an olefin polymeri- 
zation method using the catalyst, wherein the catalyst 
comprises a transition metal amide compound repre- 
sented by general formula (I) below: 

R2 

, /\ . 

R 1 — N N— R 1 

> 0 

V 



R 3 



..(I) 



where M 1 is Ti, etc.; R 1 is alkyl, (substituted) phenyl, 
etc.; R 2 is -C(R 5 ) 2 C(R 6 ) m C(RV or -QR^-X^C^R 5 )^ 
(X 1 representing a silicon-containing group, etc., and R 5 
and R 6 representing hydrocarbon groups, etc.); and R 3 
is a hydrocarbon group or halogen, etc.; and at least 
one compound selected from among organoaluminum 
oxy-compounds, ionizing ionic compounds and organo- 
metallic compounds. 

The present invention further provides a process for 
producing olefin polymers whereby the olefin polymers 
are produced with even higher polymerization activity, 
and the resulting polymers have no residual odor, 
wherein during polymerization or copolymerization of 
olefins in the presence of a catalyst comprising a transi- 
tion metal amide compound represented by 
(R 2 N) k M 2 X 2 j. k (M 2 representing Ti, Zr, etc., j represent- 
ing the valency of M 2 k representing 1 to j, R represent- 
ing a hydrogen atom, hydrocarbon group, etc., and X 2 
representing a halogen, hydrocarbon group, etc.) and 
an organoaluminum oxy-compound, the organoalumi- 
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num oxy-compound is added to the polymerization system in a form of an aliphatic or alicyclic hydrocarbon slurry. 

Fig.1 

(A) Transition metal component 



R 1 — N N — R' 



M 1 

y v 



M : Transition metal of Groups 4 or Groups 8 to 10 
R 1 : Hydrocarbon of Ci to ds 
R 8 :-C(R 5 )2-C(R 9 )2-C{RV 

-C(rVS!(rVc(R 5 )2- -etc 
R* ,R 4 : Hydrocarbon of Ci to Cis, hydrogen, halogen 

(B) OrnanometaDic component 



^ Ionizing Ionic compound 
^ Organoalumtnum compound 



Olefln 
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Description 

TECHNICAL FIELD OF THE ART 

5 The present invention relates to an olefin polymerization catalyst and a process for producing olefin polymers, and 
more specifically, it relates to an olefin polymerization catalyst which can produce olefin polymers with superior polym- 
erization activity, and to an olefin polymerization process employing the catalyst. 

BACKGROUND ART 

10 

Olefin(-based) polymers, which include ethylene polymers, ethylene/a-olefin copolymers, ethylene/styrene copoly- 
mers, ethyfene/cyclic olefin copolymers, propylene polymers and propylene/a-olefin copolymers, are used in various 
fields because of their excellent rigidity, mechanical strength, chemical resistance, moldability and heat resistance. 
As catalysts used to produce these olefin polymers there are known titanium-based catalysts comprising solid tita- 

15 nium catalyst components and organoaluminum compounds, vanadium-based catalysts comprising soluble vanadium 
compounds and organoaluminum compounds, metallocene-based catalysts comprising metallocene compounds of 
transitional metals selected from Group 4 of the Periodic Table and organoaluminum oxy-compounds and/or ionizing 
ionic compounds, etc. In addition, as new olefin polymerization catalyst components there have been proposed metal 
amide compounds comprising titanium and diamine-based ligands, as represented by the following formulas (Macro- 

20 molecules 1996, 29, 5241-5243; J. Am. Chem. Soc. 1996, 118. 10008-1Q009). 



^CH 2 ^CHs 
CH 2 V CH 2 CH 2 V CH 2 



30 




35 wherein R represents 2,6-(iso-Pr)2-C 6 H 3 - or 2,6-Me2-CeH 3 - 1 and R' represents -Me or -CH 2 Ph. 

These metal amide compounds are used in combination with aluminoxanes or B(C 6 F5) 3t but their polymerization 
activity is inadequate. 

Recently there have also been proposed new olefin polymerization catalysts, for example the olefin polymerization 
catalysts described in Japanese Laid-open Patent Publication No. 245713/96 comprising a titanium amide compound 

40 with a titanium-nitrogen bond and an aluminoxane. 

Also, in Organometallics 1996, 15, 562-569 there are described organometallic complexes of Group 4 of the Peri- 
odic Table, having bis(borylamide) ligands represented by [Mes2BNCH 2 CH 2 NBMes2]* 2 . and it is stated that the com- 
plexes exhibit slight ethylene polymerization activity. 

Incidentally, since olefin polymers generally have excellent mechanical properties, etc., they are used in various 

45 fields as different types of molds, but with the diversifying demands for properties of olefin polymers in recent years, ole- 
fin polymers with different characteristics have been desired. Improved productivity has also been a goal. 

Because of these circumstances, there has been a demand for development of olefin polymerization catalysts with 
excellent olefin polymerization activity which can give olefin polymers with excellent properties, as well as a process for 
producing such olefin polymers. 

bo In addition, organoaluminum oxy-compounds (aluminoxanes) used with transition metal compounds for polymeri- 
zation of olefins are usually produced by contacting an organoaluminum compound such as trialkylaluminum with a 
metal salt hydrate in a hydrocarbon solvent. The hydrocarbon used here is an aromatic hydrocarbon, especially toluene, 
which has excellent ability to dissolve the resulting organoaluminum oxy-compound, and such organoaluminum oxy- 
compounds are usually sold as solutions in toluene, so that they are added to polymerization systems as solutions in 

55 toluene when they are used for polymerization. However, addition of an aromatic hydrocarbon such as toluene to a 
polymerization system raises the problem of residual odor in the polymer, and sometimes problems also arise with 
respect to working environment conditions. Although there have been methods for distilling toluene out from organoa- 
luminum oxy-compounds for use of the organoaluminum oxy-compounds in solid form, these methods are not industri- 
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ally convenient. 

As a result of diligent research in light of the prior art, the present inventors have completed the present invention 
upon the finding that when (co)polymerization of an olefin is carried out in the presence of a transition metal amide com- 
pound and an organoaluminum oxy-compound, addition of the organoaluminum oxy-compound to the polymerization 
5 system as an aliphatic or alicyclic hydrocarbon slurry can avoid causing the problems mentioned above and can give 
better polymerization activity than when the organoaluminum oxy-compound is added to the polymerization system as 
an aromatic hydrocarbon solution. 

DISCLOSURE OF THE INVENTION 

10 

One embodiment of the olefin polymerization catalyst of the present invention is a catalyst (olefin polymerization 
catalyst (1)) comprising 

(A) a transition metal amide compound represented by general formula (I) below and at least one compound 
75 selected from among 
(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the above-mentioned transition metal amide compound (A) to form ion pairs, 
20 and 

(B-3) organometallic compounds. 



25 



30 



35 



R 1 — hi N — R 



y ^R 3 ... (i) 



40 where M 1 represents a transition metal of Group 4 or Groups 8 to 10 of the Periodic Table, Ft 1 represents a hydrocarbon 
group of 1 to 15 carbon atoms, the multiple (two) R 1 groups being the same or different; and R 2 represents a divalent 
bonding group represented by general formula (a) or (b) below: 



45 



50 





(a) 



(b) 



55 (where X 1 represents a silicon-containing divalent group, a germanium-containing divalent group, a tin-containing diva- 
lent group, -0-, -CO-, -S-, -SO-, -S0 2 -, -C(R 31 ) p -S-C(R 32 )q- (where R 31 and R 32 are each hydrogen atom, the same or 
different alkyl groups or are linked together to form a ring of 3 to 30 carbon atoms, and p and q are 1 or 2), -NfR 5 )-, - 
C(R 33 ) r -N-C(R 34 ) 8 - (where R 33 and R 34 are hydrogen atoms, the same or different alkyl groups or are linked together 
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to form a ring of 3 to 30 carbon atoms, and r and s are 1 or 2), -Pp 5 )-, -PfOKR 5 )-, -BfR 5 )- or -AKR 5 )-; R 5 and R 6 may 
be the same or different and each represents a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom; and when R 1 is a (substituted) phenyl group, at 
least one of the groups represented by R 5 or R 6 is not a hydrogen atom; m is 1 or 2, the multiple R 5 groups and R 5 
groups each may be the same or different, 2 or more of the groups R 5 and R 6 may be linked to form a ring; and when 
m is 1, R 6 is linked to its adjacent R 5 to form a mononuclear or polynuclear aromatic ring), and each R 3 may be the 
same or different, with each representing a hydrocarbon group of 1 to 15 carbon atoms, a hydrogen atom or a halogen 
atom, and the multiple R 3 groups being the same or different 

The olefin polymerization catalyst (1) according to the present invention preferably comprises 

(A) a transition metal amide compound represented by the aforementioned general formula (I), 
(B) 

(B-1) an organoaluminum oxy-compound and/or (B-2) a compound which reacts with the above-mentioned 
transition metal amide compound (A) to form an ion pair, and optionally, 
(B-3*) an organoaluminum compound. 

Preferred as the aforementioned transition metal amide compound (A) is one in which R 1 of the general formula (I) 
above is a hydrocarbon group with an aromatic ring. 

The process for producing the olef in-based polymer of the invention may include embodiments each of which com- 
prises homopolymerizing an olefin, or copolymerizing 2 or more olefins, in the presence of the olefin polymerization cat- 
alyst (1). 

Use of the olefin polymerization catalyst (1) allows production of olefin polymers by excellent polymerization activ- 
ity. 

Another embodiment of the olefin polymerization catalyst of the present invention is a catalyst (olefin polymeriza- 
tion catalyst (2)) comprising 

(A 1 ) a transition metal amide compound represented by general formula (II) below and at least one corrpound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the above-mentioned transition metal amide compound (A*) to form ion 

pairs, 

and 

(B-3) organometallic compounds. 
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where M 2 represents a transition metal atom of groups 3 to 6 of the Periodic Table; 

R 11 to R 20 may be the same or different, and each represents a hydrogen or halogen atom, a hydrocarbon group. 
30 halogenated hydrocarbon group, organosilyl group, alkoxy group or aryloxy group, -COOR 21 , -N(R 22 )C(0)R 23 , - 
OC(0)R 24 , -CN, -NR 25 2 or 

-N(R 26 )S(02)R 27 (where R 21 to R 27 represent alkyl groups of 1 to 5 carbon atoms), at least one of R 1 1 to R 15 is a 
group other than a hydrogen atom, at least one of R 16 to R 20 is a group other than a hydrogen atom, any 2 or more 
the groups represented by R 11 to R 15 may be linked together to form a ring, and any 2 or more the groups repre- 
ss sented by R 16 to R 20 may be linked together to form a ring; 
mis1 a 2; 
nisi or 2; 

A 1 represents an atom of group 14 of the Periodic Table, and when n is 2, the two groups represented by A 1 may 
be the same or different; 

40 E may represent the same or different groups and represents at least one atom selected from among carbon, 
hydrogen, oxygen, halogens, nitrogen, sulfur, phosphorus, boron and silicon or substituents containing these 
atoms, and any 2 or more groups represented by E may be linked together to form a ring; 
p represents an integer of 0 to 4; and 

X 2 represents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
45 bon group of 1 to 20 carbon atoms, or an oxygen-containing group, sulfur-containing group or silicon-containing 
group, and when p is 2 or greater the groups represented by X 2 may be the same or different. 

The process for producing the olefin polymer of the invention may include embodiments each of which comprises 
homopolymerizing an olefin, or copolymerizing 2 or more olefins, in the presence of the olefin polymerization catalyst 
so (2). 

Use of the olefin polymerization catalyst (2) allows production of olefin polymers of narrow molecular weight distri- 
bution, by excellent polymerization activity. It is also possible to obtain olefin copolymers of narrow composition distri- 
bution by copolymerisation of 2 or more olefins. 

Still another embodiment of an olefin polymerization catalyst used for the production process of the present inven- 
55 tion is a catalyst (olefin polymerisation catalyst (3)) comprising 

(A") a transition metal amide compound represented by general formula (III) below and at least one compound 
selected from among 
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(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the transition metal amide compound (A") to form ion pairs, 
5 and 

(B-3) organometallic compounds. 
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15 



20 



25 




. . . (Ill) 



where M 2 , R 11 to R 20 and X 2 have the same definitions as for M 2 , R 11 to R 20 and X 2 , respectively, in general for- 
mula (II) above; 
35 m is an integer of 0 to 2; 
n is an integer of 3 to 5; 

Each A 2 may be the same or different, and represents an atom of Groups 13 to 16 of the Periodic Table; 
E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phos- 
phorus, boron and silicon or substituents containing these atoms, and with more than one E group, the E groups 
40 may be the same or different and any 2 or more groups represented by E may be linked together to form a ring; and 
p represents an integer of 0 to 4. 

The process for producing the olefin polymer of the invention may include the following embodiments, i) copolym- 
erization of an aromatic vinyl compound with an oc-olef in to produce an aromatic vinyl compound/a-olefin copolymer, ii) 
copolymerization of an a-olefin of 3 or more carbon atoms with ethylene to produce an ethyl ene/a-olef in copolymer, iii) 
copolymerization of at least two of a-olefins selected from a-olefins of 3 or more carbon atoms to produce an a-olefin 
random copolymer or iv) copolymerization of a linear or branched olefin with a cyclic olefin to produce a cyclic olefin 
copolymer, each of which is conducted in the presence of the olefin polymerization catalyst. 

Use of the olefin polymerization catalyst (3) allows production of aromatic vinyl compound/a-olefin copolymers, eth- 
ylene/a-olef in copolymers, a-olefin random copolymers and cyclic olefin-based copolymers, by excellent copolymeriza- 
tion activity. 

Another process for producing an olefin copolymer of the invention includes polymerization or copolymerization of 
olefins in the presence of an olefin polymerization catalyst comprising: 

55 (A'") a transition metal amide compound represented by general formula (IV) below 
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(R 2 N) k M2 X2j„ k (IV) 



where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table, j is the valency of the transition 
metal atom M* k is an integer of 1 to j, each R may be the same or different and represents a hydrogen atom, a 
hydrocarbon group, a halogenated hydrocarbon group, an organosilyl group or a substituent with at least one ele- 
ment selected from among nitrogen, oxygen, phosphorus, sulfur and silicon, the groups represented by R may be 
linked together to form a ring, when k is 2 or greater, two R groups bonded to different nitrogen atoms may be 
bonded together to form a bonding group which bonds the 2 nitrogen atoms, X 2 represents a hydrogen or halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms or 
an oxygen-containing group, sulfur-containing group or silicon-containing group, and when j-k is 2 or greater, each 
X 2 may be the same or different; and 
(B-1) an organoaluminum oxy-compound, 

wherein the organoaluminum oxy-compound (B-1) is added to the polymerization system in a form of an 
aliphatic hydrocarbon or alicyclic hydrocarbon slurry. 

By the process for producing olefin polymers of the present invention, it is possible to produce olefin polymers with 
higher polymerization activity than by processes in which organoaluminum oxy-compounds are added to polymeriza- 
tion systems as solutions in aromatic hydrocarbons. In addition, there is no problem of residual odor in the polymer and 
no problems with respect to working environment conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (1). 

Fig. 2 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (2). 

Fig. 3 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (3). 

Fig. 4 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (4). 

BEST MODE FOR CARRYING OUT THE INVENTION 

The olefin polymerization catalyst (i) of the present invention can. In addition, there is no problem of residual odor 
in the polymer and no problems with respect to working environment conditions. 

BRIEF DESCRIP TION OF THE DRAWINGS 

Fig. 1 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (1). 

Fig. 2 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (2). 

Fig. 3 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (3). 

Fig. 4 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
alyst (4). 

BEST MODE FOR CARRYING OUT THE INVENTION 

The olefin polymerization catalyst (1) of the present invention is produced from 

(A) a transition metal amide compound represented by general formula (I) below and at least one compound 

selected from among 

(B) 
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(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the above-mentioned transition metal amide compound (A) to form ion pairs, 
and 

(B-3) organometallic compounds. 

5 

Each of the components forming the olefin polymerization catalyst (1) will now be explained. 

(A) Transition msfal amide compound 

10 The transition metal amide compound (forming the olefin polymerization catayst (i) is provided from 

(A) a transition metal amide compound represented by general formula (I) below and at least one compound 

selected from among 

(B) 

15 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the above-mentioned transition metal amide compound (A) to form ion pairs, 
and 

(B-3) organometallic compounds. 

20 

Each of the components forming the olefin polymerization catalyst (1) will now be explained. 

(A) Transition metal amid compound 

25 The transition metal amide compound (A) forming the olefin polymerization catalyst (1) is a compound represented 
by the following general formula (I): 



30 



35 




where M 1 represents a transition metal of Group 4 or Groups 8 to 10 of the Periodic Table, specifically titanium, zirco- 
nium, hafnium, ruthenium, cobalt, rhodium, nickel and palladium, and preferably titanium, zirconium, cobalt, nickel and 
palladium. 

45 When M 1 is a transition metal of Groups 8 to 10 of the Periodic Table, a transition metal amide compound repre- 
sented by the following general formula (0 may be used together with a transition metal amide compound represented 
by general formula (I), or in place of a transition metal amide compound represented by general formula (I) above. 



55 
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15 Also, according to the invention a transition metal amide compound represented by the following general formula 
(0 may also be used together with a transition metal amide compound represented by general formula (I) and/or a tran- 
sition metal amide compound represented by general formula (I 1 ), or in place of a transition metal amide compound rep- 
resented by general formula (I) and a transition metal amide compound represented by general formula (C). Transition 
metal amide compounds represented by general formula (I") below have a structure wherein only one of the nitrogen 

20 atoms is coordinated with the metal. 



25 



30 




35 

A transition metal amide compound represented by the following general formula (P) where the metal corresponds 
to a trivalent state may also be used together with or in place of the aforementioned transition metal amide compounds. 

40 R 2 



45 




') 



50 



In general formulas (I), (I*), (I") and (I") above, each R 1 represents a hydrocarbon group of 1 to 15 carbon atoms, 
55 and the R 1 groups may be the same or different from each other. The hydrocarbon group of 1 to 1 5 carbon atoms spe- 
cifically includes linear or branched alky] groups such as methyl, ethyl, n-propyl and iso-propyl, cycloalkyl groups such 
as cyclohexyl, arylalkyl groups such as phenylmethyl, p-methylphenylmethyl, 2-phenyl ethyl and 1 -phenyl ethyl, aryl 
groups such as phenyl and naphthyt. and alkylaryls such as 2, 6-dimethyf phenyl and 2,6-di-iso-propylphenyl. Among 



10 



EP0 893 454A1 



these there are preferred groups with aromatic rings, such as arylalkyl groups, aryl groups and alkylaryl groups. 
R 2 represents a divalent bonding group represented by genera! formula (a) or (b) below. 



(R 6 )m 



10 




(a) (b) 



15 where X 1 represents a silicon-containing divalent group, a germanium-containing divalent group, a tin-containing diva- 
lent group, -0-, -CO-, -S-, -SO-, -S0 2 -, -CfR^Jp-S-CfR 32 ^- (where R 31 and R 32 are hydrogen atoms, the same or dif- 
ferent alkyl groups or are linked together to form a ring of 3 to 30 carbon atoms, and p and q are 1 or 2), -NfR 5 )-, - 
C(R 33 )r-N-C(R 34 ) 8 - (where R 33 and R 34 are hydrogen atoms, the same or different alkyl groups or are linked together 
to form a ring of 3 to 30 carbon atoms, and r and s are 1 or 2), -P(R 5 )-, -P(0)(R 5 )-, -B(R 5 )- or -AlfR 5 )-. 

20 R 5 and R 6 may be the same or different and each represents a hydrocarbon group of 1 to 20 carbon atoms, a hal- 
ogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom, and when R 1 is a (substi- 
tuted) phenyl group, at least one of the groups represented by R 5 or R 6 is not a hydrogen atom, m is 1 or 2, the multiple 
R 5 groups and R 6 groups each may be the same or different from one another, two or more of the groups R 5 and R 6 
may be linked to form a ring, and when m is 1 , R 6 is linked to its adjacent R 5 to form a mononuclear or polynuclear aro- 

25 matic ring. In such cases, the portion of R 6 and R 5 preferably is a ring-containing structure having a total of 3 to 30 car- 
bon atoms. Preferred among these are compounds where R 5 is a hydrogen atom or an alkyl group of 1 to 3 carbon 
atoms, and R 6 is a hydrocarbon group having an aromatic ring, especially an arylalkyl group, aryl group or alkylaryl 
group. 

The divalent bonding group represented by general formula (a) above includes: 

30 

-CH 2 -C(Ph) 2 -CH 2 -, 
-CH 2 -C(2,6-dimethyl-Ph) 2 -CH 2 -, 
-CH 2 -C(2,6-diiso-propy1-Ph) 2 -CH 2 -, etc. 

35 The divalent bonding group represented by general formula (a) also includes the following bonding groups: 

divalent bonding groups represented by the following general formula (a-1) wherein m is 1 and R 6 is a hydrogen 
atom in general formula (a) above; 



45 




50 



55 



divalent bonding groups represented by the following general formula (a-2) wherein m is 1 and R 5 is linked with 
both of its adjacent R 5 group to form a polynuclear aromatic ring in general formula (a) above; and 
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R 7 R 7 




75 



divalent bonding groups represented by the following general formula (a-3) wherein m is 2, R 6 is a hydrogen atom 
and both adjacent R 5 groups are linked to form an aliphatic ring in general formula (a) above. 



20 



25 



H 



R 7 R 7 





,R 7 
*R 7 
• H 



H 



H 



... (a-3) 



30 



Here, each R 7 may be the same or different and represents a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
35 genated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom, and any R 7 groups may be 
linked to form an aromatic ring or aliphatic ring. 

The specific examples of divalent bonding groups represented by general formula (a-1) above include the following. 



40 



45 



50 



55 
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5 



10 



15 



20 




The specific examples of divalent bonding groups represented by general formula (a-2) include the following. 



35 



40 




Incidentally, "Ph" in these examples represents phenyl, "i-Pr" represents isopropyl, and "t-Bu" represents tertiary 
butyl. 

When X 1 in general formula (b) above is -0-, -CO-, -S-, -SO-, -S0 2 - or -N(R 5 )-, R 1 in the aforementioned general 
so formula (I), (I'), (I") or (r) is preferably a group having an aromatic ring, such as arylalkyl, aryl or alkylaryl, and prefera- 
bly aryl or alkylaryl. Examples of aryl groups include phenyl, naphthyl, indenyl and f luorenyl, and examples of alkylaryl 
groups include 2,6-dimethylphenyl, 2,6-di-iso-propylphenyl and 3,5-dimethylphenyl. Among these there are preferred 
phenyl groups substituted at the 2,6- position with an alkyl group of 1 to 4 carbon atoms. R 1 may also be appropriately 
selected from those mentioned above even when X 1 of general formula (b) is a group other than those mentioned 
55 above. 

Other examples of divalent bonding groups represented by general formula (b) above include the following bonding 
groups: 
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(b-3) (b-4) (b-5) 




(b-6) (b-7 



where R 8 has the same definition as R 7 . 

Additional specific examples of divalent bonding groups represented by general formula (b) include: 

-CH 2 -Si(CH 3 )2-CH 2 -, 

-CH2-Si(CH 3 )(Ph)-CH2-, 

-CH 2 -Si(Ph)2-CH 2 -, 

-C(CH 3 )2-Si(Ph) 2 -C(CH3)r. 

-CH 2 -Si(2,6-dimethyl-Ph)2-CH 2 -. 

•CH2-Si(2,6-diiso-propyl-Ph) 2 -CH2-. 

Specifically, divalent bonding groups represented by general formula (b-3) above include the following: 
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CH 3 




R 3 represents a hydrocarbon group of 1 to 15 carbon atoms, a hydrogen atom or a halogen atom, and each of the 
R 3 groups may be the same or different. The hydrocarbon groups of 1 to 15 carbon atoms include the same groups 
given for R 1 above. 

R 4 represents a hydrocarbon group of 1 to 15 carbon atoms, a hydrogen atom or a halogen atom. The hydrocarbon 
groups of 1 to 15 carbon atoms include the same groups given for R 1 above. 

Examples will now be given of transition metal amide compounds represented by the aforementioned general for- 
mulas (I), (0 and (H. 
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He Me 

\ / 
Si 

/ \ 
H 2 C CH 2 

Ph-N N-Ph 

Ti' 
/ \ 

CI CI; . 



Ph Ph 

\ / 
Si 

/ \ 
H 2 C CH 2 

(He) 2 Ph-N N-Ph(He) a 

Ti*' 

/ \ 
CI CI 



Me Ph 

\ / 
Si 

/ \ 
H 2 C CH 2 

I • I 
(Me) 2 Ph-N N-Ph(Me) 2 

H Hi H 

/ \ 
Br Br 



Me Me 

\ / 
Si 

/ \ 
HzC CHz 

I I 
(Me) 2 Ph-N N-Ph(Me} 2 

/ X , 
Me Pd Me 

/ \ 
Ci CI 



Me Me 

\ / 
C 

/ \ 
H 2 C CH 2 

I I 
Ph-N N-Ph 

\ / 
Ti 

/ \ 
CI CI 



He Ph 

\ / 
C 

/ \ 
H 2 C CH 2 

(i-Pr) 2 Ph-N % N-Ph(i-Pr) 2 

''Ti'' 

/ \ 
Ci CI 



Me Me 

\ / 
C 

/ \ - 
H 2 C CH 2 * 

I I 
(i-Pr) 2 Ph-N N-Ph(i-Pr) 2 

/ '''' N u 

He Mi He 

/ \ 
Br Br 



He He 

\ / 
C 

IkC CH 2 
(i-Pr) 2 Ph-N N-Ph(i-Pr) 2 

He^ >d* « e 
/ \ 
CI ci 
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He 
I 

N 

/ \ 
H 2 C CH 2 

I I 
Ph-N N-Ph 

*Ti' 

/ \ 
CI CI 



Ph 
I 

N 

/ \ 
H 2 C CH 2 

I I 
(Me) 2 Ph-N N-Ph(He) 2 

*Ti' 

/ \ 
CI CI 



Me 
I 

M 

/ \ 
H 2 C CH 2 

I I 
(Me)jPh-N N*-Ph(Me) 2 

/ \ / \ 
Me Ni Me 

/ \ 
CI CI 



Me 
I 

N 

/ \ 
H 2 C CH 2 

I I 
(Me)zPh-N N-Ph(Me) 2 

/ \ \ 
Me Pd Me 

/ \ 
CI CL 



Me CH 2 Me 

\ / \ / 
HC CH 

(Me) 2 Ph-N N-Ph(Me) 2 

\ / 
Ti 

/ \ 
CI Ci 



Me CH 2 Me 

\ / \ / 
HC CH 

(I-Pr) 2 Ph-N N-P'n(i-Pr)a 

Ti 

/ \ 
CI CI 



Me CH Z Me 

\ / \ / 
HC CH 

I I 
Ci-Pr) 2 Ph-N N -Ph(i-Pr) 2 

/ \ / \ 
H Ml Me 

/ \ 
Br Br 



Me CH 2 t-Pr 

\ / \ / 
HC CH 

(Me) 2 Ph-N N-Ph(Me)a 

/ \ / \ 
Me Pd Me 

/ \ 
CI CL 
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Ph CH 2 Ph Ph CHz Me 

\ / \ / \ / \ / 

HC CH HC CH 

II II 

(Me)aPh-N N-Ph(Me) 2 (i-Pr) 2 Ph-N N-Ph(i-Pr) 2 



Ti Ti 

/ \ / \ 

CI CI CI CI 



Ph CH 2 Ph Ph CH 2 Ph 

\ / \ / \ / \ / 

HC CH HC CH 

| • | • • I I 

CMe) 2 Ph-N N-Ph(Me) 2 (Me) 2 Ph-N N-Ph(Me) 2 

/ \ v \ / \ . *' \ 

Me *Ni* Me Me Pd Me 

/ \ / \ 

Br Br CI CI 

CH 2 CH 2 

/ \ / \ 

H 2 C CHz H 2 C CH 2 

II I I 

t-Bu-N N-t-Bu (Me) 2 Ph-N, N-t-3u 

\/ ''Ti'' 

/ \ / \ 

CI CI ci ci 

CH 2 CH 2 

/ \ / ^ 

H 2 C CH 2 H 2 C CH, 

II I ' 

t-Bu-N N -t-Bu t-Bu-N N-t-Bu 

/ X .•' \ / \ .-'* \ 

Me HI Me H Pd H 

/ \ / ^ 

Br Br CI CI 
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Ph-N 



* * 

S 

Ti 

/ \ 
Ci CI 



N-P& 




(Me)aPh- N 



N-Ph(Me); 



Ti 

/ \ 
CI CI 




(Me) 2 Ph-N N-Ph(Me) 2 

/ X X 
Me Ni Me 

Br Br 




Ph-N N-Ph 

/ \ / \ 
Me Pd Me 

/ \ 
CI CI 




Ph-N 



N-Ph 



Ti 

CI CI 



:dib: 



(Me) 2 Ph-N 



N -Ph(Me)i 



Ti 

Cl / X CL 




Ph-N N-Ph 

/ \ / \ 
Me Mi Me 

Br Br 




Ph-N N-Ph 

/ \ / \ 
Me Pd Me 

c/ X ci 



Incidentally, Me in these examples represents methyl, Ph represents phenyl, Ph(Me) 2 represents 2,6-dimethylphe- 
nyl, Ph(i-Pr) 2 represents 2,6-di-isopropylphenyl and t-Bu represents tertiary butyl, respectively. The positions of alkyl 
substitution on the phenyl groups are not limited to those given here, and other examples could be mentioned. 

These transition metal amide compounds (A) may be obtained in the following manner, by reaction between a tri- 
methylsilylated diamine and titanium tetrachloride as shown, for example, in Macromolecules 1996, gg, 5241-5243. 
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, xylene /reflux 

R l -N N — R + TiCl 4 R x — ,N — R 

| j -2ClSiMe 3 \ / 

SiMe 3 SiMe 3 *i 

cr CI 



R 2 

Et 2 O/-20°C Rl _ / \ Rl 



2R 3 MgCl(Br) 

Ti 

■/ \ 3 



They may also be obtained in the following manner, by treatment of the amino group proton with a base followed 
by reaction with a metal compound. 

R 2 R 2 
R 1 — ^N— R 1 + R 3 Y 1 R 1 -N / ^N— R 1 

I I I I, 

H H Y 1 Y 1 

R 2 

MX 4 _ / \„ . 
- - R 1 — N N ,N — R 



M 

/ \ 
X X 



where Y 1 represents an alkali metal such as lithium, sodium or potassium, and R 3 represents a hydrogen atom or a 
hydrocarbon group of 1 to 5 carbon atoms. 

The reaction solvent includes an ether such as diethyl ether, tetrahydrofuran or dioxane, an aromatic hydrocarbon 
such as benzene, toluene or mesitylene and an aliphatic hydrocarbon such as pentane, hexane or heptane. Among 
these, diethyl ether, tetrahydrofuran, toluene and hexane are preferred. 

(B-1) Orqanoaluminum oxv-compound 

The organoaluminum oxy-compound (B-1 ) composing the olefin polymerization catalyst (1 ) may be the convention- 
ally known compound aluminoxane, or it may be an organoaluminum oxy-compound which is insoluble in benzene, 
such as one of those mentioned in Japanese Laid-open Patent Publication No. 78687/90. 

The conventionally known aluminoxane can be produced by one of the following methods, for example, and is nor- 
mally obtained as a solution in a hydrocarbon solvent: 

(1) A method whereby an organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium 
suspension of a compound containing absorbed water or a salt containing water of crystallization, such as magne- 
sium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerium (I) chloride 
hydrate, to react the absorbed water or water of crystallization with the organoaluminum compound; 

(2) A method whereby water, ice or steam is allowed to act directly on an organoaluminum compound such as tri- 
alkylaluminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran; and 

(3) A method whereby an organotin oxide compound such as dimethyltin oxide or dibutyftin oxide is reacted with an 
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organoaluminum compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

The aluminoxane may also contain a small amount of an organometallic component. Also, after distilling off the sol- 
vent or the unreacted organoaluminum compound from the recovered aluminoxane solution, it may be redissolved in 
5 the solvent. 

The specific examples of organoaluminum compounds to be used for preparation of the aluminoxane include the 
same organoaluminum compounds given as organoaluminum compounds of (B-3a) below. 

Among these there are preferred trialkylaluminum and tricycloalkylaluminum, and especially trimethylaluminum. 

These organoaluminum compounds may be used either singly or in combinations of 2 or mora 
w Solvents to be used for preparation of the aluminoxane include, for example, aromatic hydrocarbons such as ben- 
zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, 
decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, cyclooc- 
tane and methylcyclopentane; petroleum fractions such as gasoline, kerosene and light oil; and other hydrocarbon sol- 
vents including the above-mentioned aromatic hydrocarbons, aliphatic hydrocarbons and alicyclic hydrocarbons in 
is halogenated (chlorinated, brominated. etc.) form. Ethers such as ethyl ether and tetrahydrofuran may also be used. 
Particularly preferred among these solvents are aromatic hydrocarbons and aliphatic hydrocarbons. 

The benzene-insoluble organoaluminum oxy-compound used according to the invention has an Al component sol- 
ubility in 60 °C benzene of 10% or less, preferably 5% or less and more preferably 2% or less, in terms of Al atoms, and 
is therefore insoluble or barely soluble in benzene. 
20 These organoaluminum oxy-compounds (B-1) are usually commercially available as, or handled as, toluene solu- 
tions. 

(B-2) Compound which reacts wHh transition metal amide compound (Al to form ion Pair 

25 The compound (B-2) which reacts with the transition metal amide compound (A) of the olefin polymerization cata- 
lyst (1) to form an ion pair (hereunder sometimes referred to as "ionizing ionic compound") includes the Lewis acids, 
ionic compounds, borane compounds and carborane compounds described in Japanese Patent Publication Nos. 
501950/89 and 502036/89, Japanese Laid-open Patent Publication Nos. 179005/91, 179006/91. 207703/91 and 
207704/91, and USP-5321106. 

30 As specific Lewis acids there may be mentioned compounds represented by BR 3 (where R is fluorine or a phenyl 
group which may have a substituent such as fluorine, methyl or trifluoromethyl), examples of which include trif luorobo- 
ron, triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-drfluorophenyl)boron, tris(4-fluoromethylphenyl)boron, tris(pen- 
tafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. 

As ionic compounds there may be mentioned the compounds represented by general formula (V) below. 

35 

R 32 

R 3G© R 31_;eP_ R 33 

I 

R 34 . . . (V) 



45 

As R 30 in the formula there may be mentioned H + , carbonium cation, oxonium cation, ammonium cation, phosphonium 
cation, cycloheptyltrienyl cation and transition metal-containing ferrocenium cation. 

R 31 to R 34 may be the same or different, and each is an organic group, preferably an aryl group or substituted aryl 
group. 

so As specific examples of carbonium cations there may be mentioned trisubstituted carbonium cations such as 
triphenylcarbonium cation, tri(methylphenyl)carbonium cation and tri(dimethylphenyl)carbonium cation. 

As specific examples of ammonium cations there may be mentioned trialkylammonium cations such as trimethyi- 
ammonium cation, triethylammonium cation, tripropylammonium cation, tributylammonium cation and tri(n- 
butyl)ammonium cation; N,N-dialkylanilinium cations such as N.N-dimethylanilinium cation, N,N-diethylanilinium cation 
55 and N,N-2,4,6-pentamethylanilinium cation; and dialkylammonium cations such as di(isopropyl)ammonium cation and 
dicyclohexylammoniun cation. 

As specific examples of phosphonium cations there may be mentioned triarylphosphonium cations such as 
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triphenylphosphonium cation, 
tri(methytph6nyl)phosphonjum cation and 
tri(dimethylphenyl)phosphonium cation. 

Preferred as R 30 are carbonium cations and ammonium cations, and especially triphenylcarbonium cation, N,N- 
dimethylartiliniurn cation and N.N-diethyianilinium cation. 

As ionic compounds there may be mentioned trialkyl substituted ammonium salts, N.N-dialkylanilinium salts, 
dialkylammonium salts and triaryfphosphonium salts. 

As specific examples of trialkyl substituted ammonium salts there may be mentioned triethylammonium tetra(phe- 
nyQboron, tripropylammonium tetra(phenyl)boron, tri(n-butyl)ammonium tetra(phenyl)boron, trimethylammonium 
tetra(p-tolyl)boron, trimethylammonium tetra(o-to!yl)boron, tri(n-butyOammonium tetra(pentafluorophenyl)boron, tripro- 
pylammonium tetra(o,p-dimethylphenyl)boron, tri(n-butyl)ammonium tetra(m,m-dimethy1pheny1)boron, tri(n- 
butyl)ammonium tetra{p-trif luoromethylphenyl)boron, tri(n-butyl)ammonium tetra(3,5-ditrifluoromethylphenyl)boron and 
tri(n-butyl)ammonium tetra(o-tolyl)boron. 

As specific examples of N,N-dialkylanilinium salts there may be mentioned N,N-dimethylanilinium tetra(phe- 
nyl)boron, N.N-diethylanilinium tetra(phenyl)boron and N.N-2 A6-pentamethylanilinium tetra(phenyl)boron. 

As specific examples of dialkylammonium salts there may be mentioned di(1-propyl)ammonium tetra(pentafluor- 
ophenyl)boron and dicyclohexylammonium tetra(phenyi)boron. 

As additional ionic compounds there may be mentioned triphenylcarbenium tetrakis(pentafluorophenyl) borate, 
N.N-dimethylanilinium tetrakis(pentafluorophenyl) borate, ferrocenium tetra(pentafluorophenyl) borate, triphenylcarbe- 
nium pentaphenylcyclopentadienyl complex, N.N-diethylanilinium pentaphenylcyclopentacDenyl complex, and boron 
compounds represented by the following formulas (VI) and (VII). 




where Et represents ethyl. 




As specific examples of borane compounds there may be mentioned 
decaborane (14); 

salts of anions such as bis[tri(n-butyl)ammonium] nonaborate, bis[tri(n-butyl)ammonium] decaborate, bis[tri(n- 
butyl)ammonium] undecaborate, bis[tri(n-butyl)ammonium] dodecaborate, bis[tri(n-butyl)ammonium] decachloro- 
decaborate and bis[tri(n-butyl)ammonium] dodecachlorododecaborate; and 

salts of metal borane anions such as tri(n-butyl)ammonium bis(dodecahydride dodecaborate) cobartate (III) and 
bis[tri(n-butyl)ammonium] bis(dodecahydride dodecaborate) nickelate (III). 
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As specific examples of carborane compounds there may be mentioned salts of anions such as 4-carbanonabo- 
rane (14), 1 ( 3-dicarbanonaborane (13), 6,9-dicarbadecaborane (14), dodecahydride-1-phenyl-1,3-dicarbanonaborane, 
dodecahydride-1 -methyl-1 ,3-dicarbanonaborane, undecahydride-1 ,3-dimethyl-1 ,3-dicarbanonaborane, 7,8-dicarbaun- 
decaborane (13), 2,7-dicarbaundecaborane (13), urx1ecahydride-7,8-dimethyl-7,8-dicarbaundecaborane, dodecahy- 
dride- 1 1 -methyl-2,7-dicarbaundecaborane, tri(n-buty1)ammonium 1 -carbadecaborate, tri(n-butyl)ammoniurn 1 - 
carbaundecaborate, tri(n-butyi)ammonium 1-carbadodecaborate, tri(n-butyl)ammonium 1-trimethylsilyM-carbadecab- 
orate, tri(n-butyl)ammonium bromo- 1-carbadodecaborate, tri(n-butyl)ammonium 6-carbadecaborate (14), tri(n- 
butyl)ammonium 6-carbadecaborate (12), tri(n-butyl)ammonium 7-carbaundecaborate (13), tri(n-butyl)ammonium 7,8- 
dicarbaundecaborate (12), tri(n-butyl)ammonium2,9-dicarbaundecaborate (12), tri(n-butyl)ammonium dodecahydride- 
8-methyl-7,9-dicarbundecaborate, tri(n-butyl)ammonium undecahydride-8-ethyl-7,9-dicarbaundecaborate > tri(n- 
butyljammonium undecahydride^8-butyl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium undecahydride-8-allyl-7,9- 
dicarbaundecaborate, tri(n-butyl)ammonium undecahydride-9-trimethylsilyl-7,8-dicarbaundecaborate and tri(n- 
buty1)ammonium undecahydride-4,6<fibromo-7-carbaundecaborate; and 

salts of metal carborane anions such as tri(n-butyl)ammonium bis(nonahydride-1,3-dicarbanonaborate) cobal- 
tate (III), tri(n-butyl)ammonium bis(undecahydrlde-7,8-dicarbaundecaborate) ferrate (III), tri(n-butyl)ammonjum 
bis(undecahydride-7,8<jicarbaundecaborate) cobartate (III), tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaun- 
decaborate) nickelate (III), tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaundecaborate) cuprate (III), tri(n- 
butyl)ammonium bis(undecahydride-7,8-dicarbaundecaborate) aurate (III), trl(n-butyl)ammonium bis(nonahydride-7,8- 
dimethyi-7,8-dicarbaundecaborate) ferrate (III), tri(n-butyt)ammonium bis(nonahydride-7,8-dimethyl-7,8-dicarbaunde- 
caborate) chromate (111). tri(n-butyl)ammonium bis(tribromooctahydride-7,8-dicarbaundecaborate) cobaltate (III), 
tris[tri(n-butyl)ammonium] bis(undecahydride-7-carbaundecaborate) chromate (III), bis[tri(n-butyl)ammonium] 
bis(undecahydride- 7-carbaundecaborate) manganate (IV), bis[tri(n-butyl)ammonium)bis(undecahydride-7-carbaunde- 
caborate) cobaltate (III) and bis[tri(n-butyl)ammonium] bis(undecahydride-7-carbaundecaborate) nickelate (IV). 

These ionizing ionic compounds may be used singly or in combinations of 2 or more. 

[B-3) Qrqanpmgtaiiic compound 

The organometallic compounds (B-3) in the olefin polymerization catalyst (1) include the following specific organo- 
metallic compounds of Groups 1 , 2, 12 and 13 of the Periodic Table. 

(B-3a) Organoaluminum compounds represented by: 



R* m Al(OR b ) n Hp Xq 



where R a and R b may be the same or different from each other and each represents a hydrocarbon group of 1 to 
15, preferably 1 to 4 carbon atoms, X represents a halogen atom, m is defined by 0<m£3, n by 0£n<3, p by (Kp<3, 
q by 0£q<3, andm+n + p + q = 3. 

(B-3b) Alkylated complexes of a group 1 metal and aluminum, represented by: 



M 4 AlR a 4 

where M 4 represents Li, Na or K, and R a represents a hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms. 
(B-3c) Dialkylated group 2 or group 12 metal compounds represented by: 



R a R b M 5 
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where R a and R b may be the same or different from each other and each represents a hydrocarbon group of 1 to 
15, preferably 1 to 4 carbon atoms, and M 5 represents Mg, Zn or Cd. 

The following compounds are examples of organoaluminum compounds defined by (B-3a) above: 
organoaluminum compounds represented by 



Al(OR*) 3 -m 



where R a and R b may be the same or different from each other and each represents a hydrocarbon group of 1 to 
15. preferably 1 to 4 carbon atoms, and m preferably satisfies 1.5£ms3; 
organoaluminum compounds represented by 



R* ra AlX 3 _ ro 



where R a represents a hydrocarbon group of 1 to 1 5, preferably 1 to 4 carbon atoms, X represents a halogen atom, 
m preferably satisfies 0<m<3; 
organoaluminum compounds represented by: 



R* TO AlH 3 -n 



where R a represents a hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms, and m preferably satisfies 
2£m<3; 

organic aluminum compounds represented by: 



R* m Al(OR b ) n Xq 



where R a and R b may be the same or different from each other from each other and each represents a hydrocarbon 
group of 1 to 1 5, preferably 1 to 4 carbon atoms, X represents a halogen atom, m is defined by 0<m£3, n by 0£n<3, 
q by 0^q<3, and m + n + q = 3 . 

The specific examples of organoaluminum compounds defined by (B-3a) include: 

tri n-alkylaluminums such as trimethylaluminum, triethylaluminum, tri n-butylaluminum, tripropylaluminum, tripenty- 
laluminum, trihexylaluminum, trioctylaluminum and tridecylaluminum; 

tri branched alkylaluminums such as triisopropylaluminum, triisobutylaluminum, tri sec-butylaluminum, tri tert-buty- 
laluminum, tri 2-methylbutylaluminum, tri 3-methylbutylaluminum, tri 2-methylpentylaluminum, tri 3-methylpentyla- 
luminum, tri 4-methylpentylaluminum, tri 2-methylhexylaluminum, tri 3-methylhexylaluminum and tri 2- 
ethylhexyl aluminum; 

tricycioalkylaluminums such as tricyclohexylaluminum and tricyclooctyfaluminum; 
triarylaluminums such as triphenylaluminum and tritolylaluminum; 

dialkylaluminum hydrides such as diisobutyl aluminum hydride and diisobutylaluminum hydride; 
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alkenyialuminums such as isoprenylaluminum represented by (i-C4H 9 ) x Al y (C 5 H 10 ) z (where x ( y and z are positive 
integers and z*2x); 

alkylaluminum alkoxides such as isobutyialuminum methoxide, isobutylaluminum ethoxide and isobutylaluminum 
isopropoxide; 

dialkylaluminum alkoxides such as dimethylaluminum methoxide. diethylaluminum ethoxide and dibutylaluminum 
but oxide; 

alkylaluminum sesquialkoxides such as ethyialuminum sesquiethoxide and butylaluminum sesquibutoxide; 
partially alkoxylated alkylaluminums with average composition represented by R* 2 5 AKOR^o 5 ; 
alkylaluminum aryioxides such as diethylaluminum phenoxide, diethylaluminum (2,6-di-t*butyl-4*methytphenaxide), 
ethyialuminum blsfa.e-di-t-butyl-^methylphenoxide), diisobutylaluminum (2,6<Ji-t-butyl-4-methylphenaxide) and 
isobutylaluminum bis(2,6-di-t-butyl-4-methylphenoxide) ; 

dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum chloride, dibutylaluminum chloride, 
diethylaluminum bromide and diisobutylaluminum chloride; 

partially halogenated alkylaluminums such as alkylaluminum sesquihalides, e.g., ethyialuminum sesquichloride, 

butylaluminum sesquichloride, ethyialuminum sesquibromide; and alkylaluminum dihalides, e.g., ethyialuminum 

dichloride, propylaluminum dichloride, butylaluminum dibromide; and 

dialkylaluminum hydrides such as diethylaluminum hydride and dibutylaluminum hydride; 

other partially hydrogenated alkylaluminums, such as alkylaluminum dihydrides, e.g., ethyialuminum di hydride and 

propylaluminum dihydride; and 

partially alkoxylated and halogenated alkylaluminums such as ethyialuminum ethoxychloride, butylaluminum butox- 
ychloride and ethyialuminum ethoxybromide. 

Analogues to (B-3a) may also be used, for example organoaluminum compounds wherein 2 or more aluminum 
compounds are bonded through nitrogen atoms. As a specific example of such a compound there may be mentioned: 

(C 2 H 5 ) 2 AlN(C2H 5 )AI(C2H 5 ) 2 . 
As compounds defined by (B-3b) above there may be mentioned: 

UAI(C 2 H5) 4 

LiAI(C 7 H 15 ) 4 , etc. 

Other compounds which may be used as the organometallic compound (B-3) include methyllithium, ethyllithium, 
propyllithium, butyllithium, methylmagnesium bromide, methylmagnesium chloride, ethyl magnesium bromide, ethyl- 
magnesium chloride, propylmagnesium bromide, propyimagnesium chloride, butylmagnesium bromide, butylmagne- 
sium chloride, dimethylmagnesium, diethylmagnesium, dibutylmagnesium and butylethylmagnesium. 

Compounds which form the aforementioned organoaluminum compounds in polymerization systems, such as 
combinations of halogenated aluminum and alkyllithium, or combinations of halogenated aluminum and alkylmagne- 
sium, may also be used. Preferred among these are organoaluminum compounds singly used. 

Preferred organoaluminum compounds {8-3*) in the olefin polymerization catalyst (1) may be represented, for 
example, by the following general formula (VIII). 



R* n AlX 3 - n (VIII) 



where R a represents a hydrocarbon group of 1 to 12 carbon atoms, X represents a halogen atom or hydrogen atom, 
and n is 1 to 3. 

In formula (VIII) above, R a is a hydrocarbon group of 1 to 12 carbon atoms, such as an alkyl, cycloalkyl or aryl 
group, and include specific group such as methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl, cydopentyl, 
cyclohexyl, phenyl and tolyl. 

The following compounds may be mentioned as specific examples of such organoaluminum compounds: 

trialkylaluminums such as trimethylaluminum, triethylaluminum, triisopropylaluminum, tri isobutylaluminum, triocty- 
laluminum and tri 2-ethyihexylaluminum; 
alkenyialuminums such as isoprenylaluminum; 

dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides such as methytaluminum sesquichloride, ethyialuminum sesquichloride, isopropylalu- 

minum sesquichloride, butylaluminum sesquichloride and ethyialuminum sesquibromide; 

alkylaluminum dihalides such as methylaluminum dichloride, ethyialuminum dichloride. isopropylaluminum dichlo- 
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ride and ethytaluminum dibromide; and 

alkylaluminum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride. 

Compounds represented by the following formula (IX) may be used as preferred organoaluminum compounds. 



R* n AlY 3 . n (IX) 



where R a is as defined previously, Y represents an -OR b group, 

-OSiR° 3 group, -OAIR d 2 group, NR G 2 group, -Si^ group or -NfR^AIR^ group, n is 1 to 2, R b , R c , R* and R h represent 
methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl, etc., R 6 represents hydrogen, methyl, ethyl, isopropyl, phenyl, tri- 
methylsilyl, etc., and R 1 and R g represent methyl, ethyl, etc. 

The following compounds may be mentioned as specific examples of such organoaluminum compounds: 

(i) Compounds represented by R a n AI(OR^3. n , for example dimethytaluminum methoxide, diethylaluminum ethox- 
ide, diisobutylaluminum methoxide, etc. 

(ii) Compounds represented by R a n AI(OSiR C 3) 3 . n , for example 
(C2H 5 ) 2 AI(OSi(CH3)3), 

<iso-C 4 H 9 ) 2 AI(OSi(CH 3 ) 3 ), 
(iso-C 4 H 9 ) 2 AKOSitCgHgJa), etc. 

(iii) Compounds represented by R a n AI(OAIR d 2 )3.n. for example 
(C2H 5 ) 2 AI(OAI(C 2 H5)2), 

(iso-C 4 H 9 ) 2 AI(OAI(iso-C 4 H 9 ) 2 ), etc. 

(iv) Compounds represented by R a n AI(NR e 2 )3. n , for example 
(CH 3 ) 2 AI(N(C 2 H 5 ) 2 ), 

(C2H 5 ) 2 AI(NH(CH 3 )). 
(CH 3 ) 2 AI(NH(C 2 H 5 )). 
(CzHsJaAllNfSiCCH^d. 
(iso-C 4 H 9 ) 2 AI[N(Si(CH 3 ) 3 )2], etc. 

(v) Compounds represented by R a n AI(SiR f 3 ) 3 . n , for example 
(iso-C 4 H 9 ) 2 Al(Si(CH 3 ) 3 ), etc. 

According to the present invention, organoaluminum compounds represented by R a 3 Al, R a n A^OR^n and R a n 
AI(OAIR d 2 ) 3 _ n are preferred among these examples, and particularly preferred are compounds wherein R a is isoalkyl 
and n=2. These organoaluminum compounds may be used singly or in combinations of 2 or more. 

The olefin polymerization catalyst (1) of the invention is produced from one of the aforementioned transition metal 
amide compounds (A) and at least one compound selected from among organoaluminum oxy-compounds (B-1), ioniz- 
ing ionic compounds (B-2) and organometallic compounds (B-3). Among these there are preferred catalysts comprising 
a transition metal amide compound (A) and an organoaluminum oxy-compound (B-1) and/or an ionizing ionic com- 
pound (B-2), and optionally an organoaluminum compound (B-3). 

Fig. 1 shows an embodiment of an olefin polymerization step using an olefin polymerization catalyst (1). 

The process for producing the olefin polymer of the invention includes homopolymerization of an olefin, or copoiy- 
merization of 2 or more a-olefins, or further copolymerization of 2 or more a-olefins with a polyene-based monomer, 
each in the presence of the olefin polymerization catalyst (1). 

Examples of olefins to be used in the production process for olefin polymers using the olefin polymerization catalyst 
(1) include 

linear or branched a-olefins of 2 to 20 carbon atoms, such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
4-methyM-pentene, 3-methyl- 1-pentene. 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1- 
tetradecene, 1-hexadeceneand 1-octadecene; and 

a-olefins of 3 to 20 carbon atoms having an alicyclic or aromatic ring, such as cyciopentene, cydoheptene, nor- 
bornene, 5-methyl-2-norbornene, tetracyclododecene, 2-methyl-1,4,5 l 8-dimethano-1,2,3,4,4a,5 l 8,8a-octahydro- 
naphthalene, styrene and vinylcyclohexane. 

Typical olefins which may be used in the production process for olefin polymers using the olefin polymerization cat- 
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atyst (1) include the polar monomers listed below, and typical olefin polymers include polymers of one or more of these 
and copolymers of the following polar monomers with the above-mentioned a-olef ins. 
The polar monomers include 

a, p-unsaturated carboxylic acids such as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride, itaconic 
acid, itaconic anhydride, bicydo[2.2.1]-5-heptene-2,3^icarboxylic acid and their a, p-unsaturated carboxylic acid 
metal salts of sodium, potassium, lithium, zinc, magnesium, calcium, etc.; 

a, p-unsaturated carboxylic acid esters such as methyl acrylate, ethyl acrylate, n-propyl acrylate, isopropyl acrylate, 

n -butyl acrylate, isobutyl acrylate, t-butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, 

n-propyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, etc., 

unsaturated dicarboxylic acids and their anhydrides, such as maleic acid, itaconic acid, maleic anhydride, etc.; 

vinyl esters such as vinyl acetate, vinyl propionate, vinyl caproate, vinyl caprate, vinyl laurate, vinyl stearate, vinyl 

trrfluoroacetate, etc.; 

and 

unsaturated glycidyl group-containing monomers such as glycidyl acrylate, glycidyl methaaylate, monoglycidyl ita- 
conate, etc. 

These polar monomers may be used singly, or they may be used in combinations of 2 or more. 

The proportion of the a-olef in among the total monomers for copolymerization of the polar monomer and a-olef in 
is preferably 0.5 to 99.5 % by mole, and more preferably 1 to 99 % by mole. 

The olefin polymer obtained by the process for producing olefin polymers using the olefin polymerization catalyst 
(1) includes polyethylene, polypropylene, polybutene, po1y(4-methyl-pentene-1), polyhexene, polyoctene, ethylene/pro- 
pylene copolymer, ethylene/butene copolymer, ethylene/hexene copolymer, etnylene/4-methyl-1-pentene copolymer 
and propylene/butene copolymer, as well as olefin/polar monomer copolymers, specifically including a-olefin/acrylic 
acid copolymer, a-olefin/methyl acrylate copolymer, a-olefin/ethyl acrylate copolymer, a-olef in/isopropyl acrylate copol- 
ymer, a-olef in/h-butyl acrylate copolymer, a-olef in/isobutyl acrylate copolymer, a-oIefin/2-ethylhexyl acrylate copoly- 
mer, a-olefin/methacrylic acid copolymer, a-olefin/methyl methacrylate copolymer, a-olefin/ethyl methacrylate 
copolymer, a-olefin/isopropyl methacrylate copolymer, a-olef in/n-butyi methacrylate copolymer, a-olefin/isobutyl meth- 
acrylate copolymer, a-olefin/2-ethylhexyl methacrylate copolymer, a-olef in/vinyl acetate copolymer, a-olef in/vinyl propi- 
onate copolymer, a-olefin/ethyl acrylate/maleic anhydride copolymer, a-olefin/ethyl acrylate/glycidyl methacrylate 
copolymer, a-olefirWinyl acetate/glycidyl methacrylate copolymer and a-olef in/glycidyl methacrylate copolymer. 

These a-olefins may also be copolymerized with polyene-based monomers such as butadiene, isoprene, 1 ,4-hex- 
adiene, dicyclopentadiene and 5-ethylidene-2-norbornene. 

Among these are preferred ethylene, propylene, 1-butene, 1-hexene, 1-octene and combinations thereof, particu- 
larly in homopolymerization of ethylene and copolymerization of ethylene and a-olefins of 3 or more carbon atoms. 

The olefin (co)polymerization using the olefin polymerization catalyst (1) is preferably carried out in an inert hydro- 
carbon solvent, and specific examples of such inert hydrocarbon solvents include aliphatic hydrocarbons such as pro- 
pane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosene, alicyclic hydrocarbons such as 
cyclopentane, cyclohexane and methylcyclopentane, aromatic hydrocarbons such as benzene, toluene and xylene as 
well as mixtures thereof, while the olefin itself may also be used as the solvent. Among these are preferred aliphatic 
hydrocarbons, alicyclic hydrocarbons and the olefin itself. 

For (co)polymerization of the olefin, the transition metal amide compound (A) is usually used at about 0.00005 to 
0. 1 millimole, and preferably about 0.0001 to 0.05 millimole per liter of polymerization volume, in terms of the transition 
metal atom. 

The organoaluminum oxy-compound (B-1) is normally used in an amount of about 1 to 10,000 moles, and prefer- 
ably 10 to 5,000 moles of aluminum atoms to one mole of the transition metal atoms in the transition metal amide com- 
pound (A). 

Also, the ionizing ionic compound (B-2) is normally used in an amount of about 0.5 to 20 moles, and preferably 1 
to 10 moles of boron atoms to one mole of the transition metal atoms in the transition metal amide compound (A). 

Moreover, the organoaluminum compound (B-3) is optionally used in an amount of, usually, about 0 to 200 moles, 
and preferably about 0 to 100 moles to one mole of aluminum atoms in the organoaluminum oxy-compound (B-1). It 
may optioanlly be used in an amount of, usually, 0 to 1000 moles, and preferably about 0 to 500 moles, to one mole of 
boron atoms in the ionizing ionic compound (B-2). 

For production of an olefin-based polymer, such as an ethylene-based polymer, according to the invention, the cat- 
alyst-forming transition metal amide compound (A), organoaluminum oxy-compound (B-1) and/or ionizing ionic com- 
pound (B-2), along with the organoaluminum compound (B-3), may be separately supplied to a polymerization reactor, 
or alternatively the transition metal amide compound (A), organoaluminum oxy-compound (B-1) and/or ionizing ionic 
compound (B-2), and optioanlly the organoaluminum compound (B-3) may be mixed beforehand outside of the polym- 
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erization reactor to prepare the catalyst by contacting the components for a predetermined time according to necessity, 
and then supplied to the polymerization reactor. 

The transition metal amide compound (A), organoaluminum oxy-compound (BO) and/or ionizing ionic compound 
(B-2) and organoaluminum compound (B-3) are mixed and contacted at, usually, -100 to 200 °C, and preferably at -70 
5 to 1 00 °C. A hydrocarbon medium which is inert to the reaction of the catalyst components may be used for preparation 
of the catalyst, and such inert hydrocarbon mediums include those inert hydrocarbon mediums commonly used for 
polymerization. 

The polymerization temperature is usually -60 to 250 °C, among which the preferred ranges are 80 to 250 °C, more 
preferably 100 to 220 °C, and especially 120 to 200 °C. 

10 When the polymerization temperature is set to 80 °C or higher, heat removal is easier and the heat removal appa- 
ratus can be downsized. Productivity can also be improved with a non-downsized heat removal apparatus. Even if the 
polymer concentration is increased for polymerization at high temperature, since the solution viscosity does not 
increase too much and the agitation force may therefore be reduced, productivity can thereby be improved. 

According to the invention, the polymerization pressure is in the range from atmospheric pressure to 100 kg/cm 2 , 

is preferably from atmospheric pressure to 50 kg/cm 2 , and more preferably from atmospheric pressure to 30 kg/cm 2 . The 
residence time (polymerization time) is usually 0.1 to 4 hours, and preferably 0.2 to 2 hours. 

The polymerization may be accomplished by any method such as a batch-wise process, semi-continuous process 
or continuous process. Preferred is a continuous process. The polymerization may also be divided into 2 steps, each of 
which has a different reaction condition. 

20 The molecular weight of the olefin polymer may be adjusted by altering the polymerization conditions such as the 
polymerization temperature, etc., and it may also be adjusted by controlling the amount of hydrogen (molecular weight 
adjuster) used. 

The product obtained immediately after polymerization is recovered from the polymerization solution and dried 
according to conventionally known separation and recovery methods, to obtain the olefin polymer. 
25 Olefin polymers, for example ethylene-based polymers obtained in this manner include polymers having an ethyl- 
ene/a-olefin compositional ratio in the range of usually 55/45 to 98/2, and preferably 60/40 to 95/5, a melt flow rate 
(MFR) in the range of usually 0.01 to 200 g/10 minutes, and preferably 0.03 to 100 g/10 minutes, and a density in the 
range of usually 0.85 to 0.95 g/cm 3 , and preferably 0.86 to 0.94 g/cm 3 . 

According to the invention, the olefin is (co) polymerized in the presence of the above-mentioned olefin polymeriza- 
30 tion catalyst (1), and therefore olefin polymers, particularly ethylene (co)polymers, of high molecular weight are 
obtained, among which ethylene copolymers with high comonomer contents are obtained. Ethylene copolymers With 
high comonomer contents can also be obtained even when the comonomer concentration is low. 

Furthermore, according to the process described above, it is possible to obtain olefin polymers with narrow molec- 
ular weight distributions and composition distributions. 
35 An olefin polymerization catalyst (2) according to the present invention is produced from 

(A*) a transition metal amide compound represented by general formula (II) below and at least one compound 

selected from among 

(B) 

40 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the transition metal amide compound (A 1 ) to form ion pairs, 
and 

(B-3) organometallic compounds. 

45 

Each of the components forming the olefin polymerization catalyst (2) will now be explained. 

( AQ Transition metal amide compound 

so The transition metal amide compound (A*) used for the invention is a compound represented by the following gen- 
eral formula (II): 
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25 where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table, preferably a transition metal atom 
of Group 4 of the Periodic Table such as titanium, zirconium or hafnium, especially preferably titanium. 

R 1 1 to R 20 may be the same or different, and each represents a hydrogen atom, a hydrocarbon group which is pref- 
erably a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group, an organosilyl group, an alkoxy 
group, an aryioxy group, -COOR 21 , -NfR^CfOJR 23 , -OC(0)R 24 , -CN, NR 25 2 or -N(R 26 )S(0 2 )R 27 . 

so Here, at least one of R 11 to R 15 is a group other than a hydrogen atom, and at least one of R 16 to R 20 is a group 
other than a hydrogen atom. 

As specific hydrocarbon groups there may be mentioned linear or branched alkyl groups of 1 to 20 carbon atoms 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl and haxyl; aryl groups of 6 to 20 
carbon atoms such as phenyl, naphthyl and anthryl; substituted aryl groups with 1 to 5 substituents such as the afore- 
35 mentioned alkyl groups of 1 to 20 carbon atoms on these aryl groups; cycloalkyl groups such as cyclopentyl, cyclohexyl, 
norbornyl and adamantyl; alkenyl groups such as vinyl, propenyl and cyclohexenyl; and arylalkyl groups such as benzyl, 
phenylethyl and phenylpropyl. 

As halogenated hydrocarbon groups there may be mentioned the aforementioned hydrocarbon groups which have 
been substituted with halogens. 
40 As specific organosilyl groups there may be mentioned methylsilyi, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, 
triethylsilyl, phenylsilyl, diphenylsilyl, triphenyisilyl, dimethylphenylsilyl, methyldiphenylsilyl, etc. 

As specific alkoxy groups there may be mentioned methoxy, ethaxy, n-propoxy, isopropoxy, n-butoxy isobutoxy, 
tert-butoxy, etc. 

As specific aryioxy groups there may be mentioned phenaxy, 2,6-dimethylphenoxy, 2,4,6-trirnethylphenoxy, etc. 
45 As groups represented by -COOR 21 , -N(R 22 )C(0)R 23 , -OC(0)R 24 , 

-CN, -NR 25 2 or -N(R 26 )S(0 2 )R 27 (where R 21 to R 27 represent alkyl groups of 1 to 5 carbon atoms) there may be men- 
tioned -COOCH3, 

-N(CH 3 )C(0)CH 3 , -0C<0)CH3, -CN, -N^Hgfe, -N(CH 3 )S(02)CH 3l etc. 

Two or more of the groups represented by R 11 to R 15 , preferably adjacent groups, may be linked together to form 
so an aromatic ring, aliphatic ring or other ring together with the carbon atoms to which each is linked, and two or more of 
the groups represented by R 16 to R 20 , preferably adjacent groups, may be linked together to form an aromatic ring, 
aliphatic ring or other ring together with the carbon atoms to which each is linked. In such cases, a ring-containing struc- 
ture is preferred wherein 3 to 30 of the carbon atoms are in the portion corresponding to the 2 or more groups, 
m is 1 or 2. 
55 n is 1 or 2. 

The bonding group bonding the 2 nitrogen atoms represented by ((E m )A 1 ) n is specifically a bonding group repre- 
sented by 

-(E m )A 1 -or-(E m )A 1 -(E m )A 1 -. 
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A 1 represents an atom of Group 14 of the Periodic Table, among which there may be specifically mentioned carbon 
atoms, silicon atoms, germanium atoms and tin atoms, and preferred are carbon atoms and silicon atoms. When n is 
2, the two groups represented by A 1 may be the same or different. 

E may represent the same or different groups and represents at least one atom selected from among carbon, 
hydrogen, oxygen, halogens, nitrogen, sulfur, phosphorus, boron and silicon or substituents containing these atoms, 
and preferred are substituents containing one or more atoms selected from among carbon, hydrogen, nitrogen and sil- 
icon. Also, any 2 or more groups represented by E may be linked together to form a ring. 

As specific bonding groups represented by ((E m )A 1 ) n bonding the 2 nitrogen atoms there may be mentioned the 
following groups: 



H 2 C 



/ 
\ 



Me 



Ph, 



Ph 



X 



Me. 



\ / 
Si 



Me 



Ph 



\ / 
Si 



Si 



Ph 



H 2 C H 2 C 



j_ o< o< X 



Me 



Me 3 Si 





N 




In these examples, Me represents methyl and Ph represents phenyl, 
p represents an integer of 0 to 4. 

X 2 represents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 carbon atoms, or an oxygen-containing group, sulfur-containing group or silicon-containing group. 
When p is 2 or greater the groups represented by X 2 may be the same or different. 

As halogen atoms there may be mentioned fluorine, chlorine, bromine and iodine. 

As hydrocarbon groups of 1 to 20 carbon atoms there may be mentioned alkyl, cycloalkyl, alkenyl, arylalkyl and aryl 
groups, and specifically alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, octyi, nonyl, dodecyl and eicosyl; 
cycloalkyt groups such as cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl groups such as vinyl, propenyl and 
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cyclohexenyl; arylalkyl groups such as benzyl, phenylethyt and phenytpropyl; and aryl groups such as phenyl, tolyl, 
dimethylphenyl, trimethylphenyl, ethylphenyl, propyiphenyl, biphenyl, naphthyl, methylnaphthyl, anthryl and phenan- 
thryl. 

As halogenaled hydrocarbon groups of 1 to 20 carbon atoms there may be mentioned the aforementioned hydro- 
s carbon groups of 1 to 20 carbon atoms which have been substituted with halogens. 

As oxygen-containing groups there may be mentioned: hydroxy groups; aikoxy groups such as methoxy, ethoxy, 
propoxy and butoxy; aryloxy groups such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; and arytalkoxy 
groups such as phenylmethoxy and phenylethoxy. Of these oxygen-containing groups, preferred are those with up to 
20 carbon atoms. 

10 As sulfur-containing groups there may be mentioned those oxygen-containing groups mentioned above which have 
been substituted with sulfur for oxygen, as well as sulfonate groups such as methyl sulfonate, trifluoromethane sul- 
fonate, phenyl sulfonate, benzyl sulfonate, p-toluene sulfonate, trimethylbenzene sulfonate, triisobutylbenzene sul- 
fonate, p-chlorobenzene sulfonate and pentafluorobenzene sulfonate, and suff inates such as methyl sulfinate, phenyl 
sulfinate, benzyl sulfinate, p-toluene sulfinate, trimethylbenzene sulfinate and pentafluorobenzene sulfinate. 

15 As silicon-containing groups there may be mentioned monohydrocarbon-substituted silyls such as methyl sit yl and 
phenylsilyl; di hydrocarbon -substituted silyls such as dimethylsilyl and diphenylsilyl; trihydrocarbon-substrtuted silyls 
such as trimethylsilyl, tiethylsilyl, tripropytsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
tritolylsilyl and trinaphthylsilyl; silyl ethers of hydrocarbon-substituted silyls such as trimethylsilyl ether; silicon-substi- 
tuted alkyl groups such as trimethylsilyl methyl; and silicon-substituted aryl groups such as trimethylsilyl phenyl. 

20 Among these are preferred, halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 

The following are specific, but not limitative examples of transition metal amide compounds represented by general 
formula (I) above. 
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Me Me 



Incidentally, in these examples Me represents methyl, Et represents ethyl, nPr represents n-propyl, iPr represents 
i-propyl, sBu represents sec-butyl, tBu represents tert-butyl and nOct represents n-octyl. 

According to the invention, transition metal amide compounds (A 1 ) wherein titanium in these compounds is 
replaced with zirconium or hafnium may also be used. 

Preferred among these transition metal amide compounds (A*) are transition metal amide compounds in which M 2 
is titanium and the group bonding the two nitrogen atoms is a cyclic hydrocarbon compound residue, preferably a cyclic 
hydrocarbon compound residue of 3 to 30 carbon atoms in the ring-containing structure, and particularly preferred are 
transition metal amide compounds in which the group bonding the two nitrogen atoms is an aromatic hydrocarbon com- 
pound residue such as benzene. 

These transition metal amide compounds (A') may be used singly, or used in combinations of 2 or more. 

The organoaiuminum oxy-compound (6-1) and organometallic compound (B-3) used in the olefin polymerization 
catalyst (2) of the present invention are from the same compounds mentioned above. The compound (B-2) which reacts 
with the transition metal amide compound (A°) to form an ion pair is from the same compounds given for the above-men- 
tioned ionizing ionic compound. 

The olefin polymerization catalyst (2) may contain, in addition to one of the transition metal amide compounds (A') 
mentioned above and at least one compound (B) selected from among organoaiuminum oxy-compounds (B-1), ionizing 
ionic compounds (B-2) and an organometallic compound (B-3), also optionally a fine particle carrier (C) as described 
below. 

(C) Fine particle carrier 

The fine particle carrier (C) to be optionally used in the olefin polymerization catalyst (2) is an inorganic or organic 
compound which is a granular to fine particle solid with a particle size of 10 to 300 urn, and preferably 20 to 200 \im. 
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Preferred as such inorganic compounds are porous oxides, and specifically Si0 2 , Al 2 0 3 , MgO, ZrO, Ti0 2 . B 2 0 3 , CaO, 
ZnO, BaO, Th0 2 and mixtures containing them, such as Si0 2 -MgO, Si0 2 -AI 2 03, Si0 2 -Ti0 2 , Si0 2 -V 2 0 5l Si0 2 -Cr 2 0 3 
and Si0 2 -Ti0 2 -MgO, Among these are preferred mixtures composed mainly of at least one component selected from 
the group consisting of Si0 2 and Al 2 0 3 . 

5 There is no problem with adding a small amount of a carbonate salt, sulfate salt, nitrate salt or oxide component 
such as Na 2 C0 3 , K 2 C0 3 , CaC0 3 . MgC0 3 , Na 2 S0 4 , Al2(S0 4 ) 3 . BaS0 4 . KN0 3 , Mg(N0 3 >2. AI(N0 3 ) 3 , NasO, K 2 0 and 
U2O, to the aforementioned inorganic oxides. 

The nature of the fine particle carrier (C) will differ depending on its type and the production process, but carriers 
preferably used for the invention have specific surface areas in the range of 50 to 1000 m 2 /g, and preferably 100 to 700 

10 m 2 /g, and pore volumes in the range of 0.3 to 2.5 cm 3 /g. Such carriers are used by firing, if necessary, at 100 to 1000 
°C, and preferably 150 to 700 °C. 

The fine particle carrier (C) to be used according to the invention may also be a granular or fine particle solid of an 
organic compound of particle size in the range of 10 to 300fim. Examples of such organic compounds include (co)pol- 
ymers produced with the main component an a-olefin of 2 to 14 carbon atoms such as ethylene, propylene, 1-butene 

15 and 4-methyl-1 -pentene, and polymers or copolymers produced with the main component vinylcyclohexane or styrene. 
The olefin polymerization catalyst (2) of the present invention comprises the aforementioned transition metal amide 
catalyst (A') and at least one compound (B) selected from among organoaluminum oxy -compounds (B-1 ), ionizing ionic 
compounds (B-2) and organometallic compounds (B-3), and optionally a fine particle carrier (C). Fig. 2 shows an 
embodiment of an olefin polymerization step using an olefin polymerization catalyst (2). 

20 The process for producing the olefin polymer of the invention includes embodiments of homopolymerization of an 
olefin, or copotymerization of 2 or more a-olef ins, each of which is conducted in the presence of the olefin polymeriza- 
tion catalyst (2). 

The method of use and order of addition of each of the components for the polymerization may be selected as 
desired. The following methods may be presented as embodiments: 

25 

(1) A method whereby component (A*) and component (B) which is at least one selected from among organoalu- 
minum oxy-compounds (B-1), ionizing ionic compounds (B-2) and organometallic compounds (B-3) (referred to as 
"component (B)" hereinafter) are added to the polymerization reactor in the desired order; 

(2) A method whereby a catalyst including the pre-contacted component (A 1 ) and component (B) is added to the 
30 polymerization reactor; 

(3) A method whereby a catalyst component obtainable by pre-contacting component (A*) and component (B), and 
another component (B) are added to the polymerization reactor in the desired order. Here, the two components (B) 
may be the same or different, 

(4) A method whereby a catalyst component including component (A 1 ) supported on the fine particle carrier (C) and 
35 component (B) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst including component (A*) and component (B) supported on the fine particle carrier 
(C) is added to the polymerization reactor; 

(6) A method whereby a catalyst component including component (A 1 ) and component (B) supported on the fine 
particle carrier (C) and component (B) are added to the polymerization reactor in the desired order. Here, the two 

40 components (B) may be the same or different; 

(7) A method whereby a catalyst component including component (B) supported on the fine particle carrier (C) and 
component (A 1 ) are added to the polymerization reactor in the desired order; and 

(8) A method whereby a catalyst component with component (B) supported on the fine particle carrier (C), compo- 
nent (A 1 ) and component (B) are added to the polymerization reactor in the desired order. Here, the two compo- 

45 nertts (B) may be the same or different. 

Olefin may be prepolymerized on a solid catalyst component having component (A') and component (B) supported 
on the fine particle carrier (C). 

According to the invention, the polymerization may be accomplished by either a liquid phase polymerization proc- 
50 ess including solution polymerization and suspension polymerization or gas phase polymerization process. 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specifically mentioned the same 
inert hydrocarbon mediums used for the process for preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the olefin itself may also be used as the solvent. Among these are preferred aliphatic hydro- 
carbons, alicyclic hydrocarbons and the olefin itself. 
55 For polymerization of olefins using the olefin polymerization catalyst (2), the transition metal amide compound (A^ 
is usually used in an amount of 1 0" 8 to 1 0' 2 moles, and preferably 1 0" 7 to 1 0* 3 moles, to one liter of the reaction volume. 

The organoaluminum oxy-compound (B-1 ) is usually used in an amount such that the aluminum atoms in (B-1) and 
the transition metal atoms (M) in the transition metal amide compound (A') are in a molar ratio [(B-1)/M] of 10 to 5000, 
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and preferably 20 to 2000. The ionizing ionic compound (B-2) is usually used in an amount such that (B-2) and the tran- 
sition metal atoms (M) in the transition metal amide compound (A*) are in a molar ratio I(B-2)/M] of 1 to 10, and prefer- 
ably 1 to 5. The organometallic compound (B-3) is usually used in an amount such thai (B-3) and the transition metal 
atoms (M) in the transition metal amide compound (A 1 ) are in a molar ratio [(B-3)/M] of 0.01 to 5000, and preferably 0.05 
to 2000. 

The polymerization temperature is usually in the range of -50 to 200 °C, and preferably 0 to 170 °C. The polymeri- 
zation pressure is usually from normal pressure to 100 kg/cm 2 , and preferably from normal pressure to 50 kg/cm 2 , and 
the polymerization reaction may be carried out by a batch-wise process, semi-continuous process or continuous proc- 
ess. The polymerization may also be divided into 2 steps, each of which has a different reaction condition. 

The molecular weight of the resulting olefin polymer may be adjusted by adding hydrogen to the polymerization 
system, or by changing the polymerization temperature. 

Olefins which can be polymerized by the olefin polymerization catalyst (2) include a-olef ins of 2 to 20 carbon atoms, 
such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 3-methyM-butene, 3-methyl-1-pentene, 3-ethyl-1-pen- 
tene, 4-methyl- 1-pentene, 4-methyl-1-hexene, 4,4-dimethyM-hexene, 4,4-dimethyl-l-pentene, 4-ethyl-1-hexene, 3- 
ethyl-1-hexene. 1-octene, 1-decene, 1-dodecene, 1 -tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene; 

aromatic vinyl compounds such as styrene, dimethylstyrenes, allylbenzene, allyltoluenes and allylnaphthalenes; 
alicyclic vinyl compounds such as vinyfcyclohexane, vinylcyclopentane, vinylcycloheptane and allylnorbomane; 
cyclic olefins such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene and 
2-methyl-1 l 4,5 l 8-dimethano-1,2 l 3,4,4a,5,8,8a-octahydronaphthalene; linear polyenes of 4 to 20 carbon atoms 
such as 1,4-pentadiene and 1 ,5-hexadiene; and cyclic polyenes such as 5-ethylidenenorbornene and dicyclopen- 
tadiene. 

An olefin polymerization catalyst (3) for the process of the present invention is produced from 

(A") a transition metal amide compound represented by general formula (III) below and at least one compound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the mentioned transition metal amide compound (A") to form ion pairs, 
and 

(B-3) organometallic compounds. 

Each of the components forming the olefin polymerization catalyst (3) for the production process of the invention 
will now be explained. 

(A") Transition metal apnide compQunc! 

The transition metal amide compound (A") used for the invention is a compound represented by the following gen- 
eral formula (III): 



39 



EP0 893 454A1 




5 



10 



<(E a )A 2 ) n ' 



15 



20 



... (Ill) 



25 where M 2 represents a transition metal atom of Groups 3 to 6 ol the Periodic Table, and preferably a transition metal 
atom of Group 4 of the Periodic Table such as titanium, zirconium or hafnium, especially preferably titanium, 

R 11 to R 20 may be the same or different from one another, and have the same definitions as for R 11 to R 20 in gen- 
eral formula (II) above. 

mis an integer of 0 to 2. 
so n is an integer of 3 to 5. 

Each A 2 may be the same or different, and represents an atom of Groups 13 to 16 of the Periodic Table, among 
which there may be mentioned specifically boron atoms, carbon atoms, nitrogen atoms, oxygen atoms, silicon atoms, 
phosphorus atoms, sulfur atoms, germanium atoms, selenium atoms and tin atoms. Preferred are carbon atoms or sil- 
icon atoms. 

35 E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phos- 
phorus, boron and silicon or substituents containing these atoms. Preferred are substituents containing one or more 
atoms selected from among carbon, hydrogen, nitrogen and silicon. Any 2 or more groups represented by E may be 
linked together to form a ring. 

Groups represented by bonding two of the nitrogen atoms include the following divalent bonding groups: 
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-CH 2 CH 2 CH 2 - , -CH 2 C (Me) 2 CH 2 -, 
-CH 2 C(Et) 2 CH 2 -, -CH 2 C(nPr) 2 CH 2 -, 
-CH 2 C ( iPr ) 2 CH 2 - , -CH 2 C ( nBu) 2 CH 2 - , 
-CH 2 C(iBu) 2 CH 2 -, -CH 2 C(sBu) 2 CH 2 -, 
-CH 2 C(cPen) 2 CH 2 -, -CH 2 C(cHex) 2 CH 2 -, 
-CH 2 C(Ph) 2 CH 2 -, -CH 2 C(Me) (Et)CH 2 -, 
-CH 2 C(Me) (iPr)CH 2 -, -CH 2 C(Me) (iBu)CH 2 -, 
-CH 2 C(Me) (tBu)CH 2 -, -CH 2 C(Me) (iPen)CH 2 -, 
-CH 2 C (Me ) { Ph) CH 2 - . -CH 2 C ( Et ) ( iPr ) CH 2 - , 
-CH 2 C(Et) (iBu)CH 2 -, -CH 2 C(Et) (iPen)CH 2 -, 
-CH 2 C(iPr) (iBu)CH 2 -, -CH 2 C(iPr) (iPen)CH 2 -, 
-CH 2 Si(Me) 2 CH 2 -, -CH 2 Si (Et) 2 CH 2 -, 
-CH 2 Si(nBu) 2 CH 2 -, -CH 2 Si (Ph) 2 CH 2 -, 
-CH (Me) CH 2 CH (Me ) - , -CH ( Ph) CH 2 CH ( Ph) - , 
-Si(Me) 2 OSi(Me) 2 -, 
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Incidentally, in these examples Me represents methyl, Et represents ethyl, nPr represents n-propyl, iPr represents 
isopropyl, nBu represents n-butyl, iBu represents isobutyl, sBu represents sec-butyl, tBu represents tert-butyl, iPen rep- 
resents isopentyl, cPen represents cydopentyl, cHex represents cyclohexyl and Ph represents phenyl. 

p is an integer of 0 to 4. 

X 2 has the same definition as X 2 in general formula (II) above. When p is 2 or greater the groups represented by 
X 2 may be the same or different. 

Among these are preferred halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 

The following are specific, but not limitative examples of transition metal amide compounds (A**) represented by 
general formula (III) above. 
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incidentally, in these examples Me represents methyl, Et represents ethyl, iPr represents iso-propyl. nPr represents 
n-propyl, nBu represents n-butyl, sBu represents sec-butyl, tBu represents tert-butyl and nOct represents n-octyl. 

According to the invention, transition metal amide compounds wherein titanium in these oompounds is replaced 
with zirconium or hafnium may also be used. 

Preferred among these transition metal amide compounds (A") are transition metal amide compounds in which M 2 
is titanium, A 2 in the group bonding two of the nitrogen atoms is carbon or silicon, and n is 3. 

These compounds may be used singly, or used in combinations of 2 or more. 

The organoaluminum oxy-compound (B-1) and organometallic compound (B-3) used in the olefin polymerization 
catalyst (3) for the process of the present invention are from the same compounds mentioned above. The compound 
(B-2) which reacts with the transition metal amide compound (A") to form an ion pair is selected from the same oom- 
pounds for the above-mentioned ionizing ionic compound. 

The olefin polymerization catalyst (3) for the process of the invention may contain, in addition to the transition metal 
amide compound(s) (A") mentioned above and at least one compound (B) selected from among organoaluminum oxy- 
compounds (B-1) and ionizing ionic compounds (B-2) with an organometallic compound (B-3), and optionally a fine par- 
tide carrier (C) as described above. Fig. 3 shows an embodiment of an olefin polymerization step using an olefin polym- 
erization catalyst (3). 

The process for producing the olefin polymer of the invention includes such embodiments: i) an aromatic vinyl com- 
pound and an a-olefin are copolymerized to produce an aromatic vinyl compound/a-olefin copolymer; ii) an a-olefin of 
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3 or more carbon atoms and ethylene are copolymerized to produce an ethylene/a-olefin copolymer; iii) at least 2 dif- 
ferent a-olef ins selected from among a-olef ins of at least 3 carbon atoms are copolymerized to produce an a-olef in ran- 
dom copolymer; and iv) a linear or branched olefin and a cyclic olefin are copolymerized to produce a cyclic olefin 
copolymer, each embodiment being conducted in the presence of the aforementioned olefin polymerization catalyst (3). 

For production of aromatic vinyl compound/a-olef in copolymers, ethylene/a-olefin copolymers or a-olef in random 
copolymers, it is preferred to use an olefin polymerization catalyst (3) comprising a transition metal amide compound 
(A"), at least one compound (B) selected from among organoaluminum oxy-compounds (B-1), ionizing ionic com- 
pounds (B-2) and organometallic compounds (B-3) and optionally a fine particle carrier (C). 

Specific a-olef ins to be used in the process for preparing aromatic vinyl compound/a-olefin copolymers using the 
olefin polymerization catalyst (3) according to the process of the invention include linear or branched a-olef ins such as 
ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-butene, 3-methyM-pentene, 3-ethyl-l-pentene ? 4- 
methyl-1-pentene, 4-methyl-l-hexene, 4,4-dimethyM-hexene, 4,4-dimethyl -1-pentene, 4-ethyl-1-hexene, 3-ethyM- 
hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1 -octadecene and 1-eicosene. These a-oie- 
f ins may be used singly or in combinations of 2 or more. 

Specific aromatic vinyl compounds to be used in the production process for aromatic vinyl compound/a-olefin 
copolymers using the olefin polymerization catalyst (3) according to the process of the invention include styrene; mono 
or polyalkylstyrenes such as o-methylstryene, m-methylstyrene, p-methylstyrene, o.p-dimethyistyrene, o-ethylstyrene, 
m-ethylstyrene and p-ethylstyrene; functional group-containing styrene derivatives such as methoxystyrene, ethoxysty- 
rene, vinylbenzoic acid, methyl vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene 
and divinylbenzene; and 3-phenylpropylene, 4-phenytbutene, a-methylstyrene, etc. These aromatic vinyl compounds 
may be used singly or in combinations of two or more. 

a-olef ins of 3 or more carbon atoms to be used in a process for preparing an ethylene/a-olefin copolymer or a proc- 
ess for preparing an a-olefin random copolymer using the olefin polymerization catalyst (3) according to the process of 
the invention include a-olefins used for the processes for preparing the above-mentioned aromatic vinyl compound/a- 
olefin copolymers other than ethylene. Preferred among them are a-olefins of 3 to 10 carbon atoms. 

In the process for preparing ethylene/a-olefin copolymers or the process for preparing a-olefin random copolymers, 
a diene such as 1 ,4-hexadiene or 5-ethylidenenorbornene or a triene such as 1 ,5,9-decatriene may be copolymerized 
therewith according to necessity. 

The method of use and order of addition of each of the catalytic components may be selected as desired for polym- 
erization in the process for preparing an aromatic vinyl compound/a-olefin copolymer, the process for preparing an eth- 
ylene/a-olefin copolymer and the process for preparing an a-olefin random copolymer according to the invention, but 
the following methods may be presented as embodiments: 

(1) A method whereby component (A") and component (B) which is at least one selected from among organoalu- 
minum axy-compounds (B-1), ionizing ionic compounds (B-2) and organometallic compounds (B-3) (hereunder 
referred to as "component (By) are added to the polymerization reactor in the desired order; 

(2) A method whereby a catalyst obtainable by pre<ontacting component (A") and component (B) is added to the 
polymerization reactor; 

(3) A method whereby a catalyst component obtainable by pre-contacting component (A") and component (B) is 
added to the polymerization reactor with component (B) in the desired order. Here, the two components (B) may be 
the same or different; 

(4) A method whereby a catalyst component including component (A") supported on the fine particle carrier (C) and 
component (B) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst including component (A") and component (B) supported on the fine particle carrier 
(C) is added to the polymerization reactor; 

(6) A method whereby a catalyst component including component (A") and component (B) supported on the fine 
particle carrier (C) and another component (B) are added to the polymerization reactor in the desired order. Here, 
the two components (B) may be the same or different; 

(7) A method whereby a catalyst component including component (B) supported on the fine particle carrier (C) and 
component (A") are added to the polymerization reactor in the desired order; and 

(8) A method whereby a catalyst component including component (B) supported on the fine particle carrier (C), 
component (A") and component (B) are added to the polymerization reactor in the desired order. Here, the two 
components (B) may be the same or different. 

a-olefin may be preppolymerized on a solid catalyst component having component (A") and component (B) sup- 
ported on the fine particle carrier (C). 

According to the invention, the polymerization may be accomplished by either a liquid phase polymerization proc- 
ess including solution polymerization and suspension polymerization, or gas phase polymerization process, but liquid 
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phase polymerization is preferably employed. 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specifically mentioned the same 
inert hydrocarbon mediums used for the process for preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the a-olefin and aromatic vinyl compound themselves, used for the copolymerization, may 

s also be used as the solvents. 

Among these inert hydrocarbon mediums are preferred aliphatic hydrocarbons and alicyclic hydrocarbons. The a- 
olefin itself used for polymerization is also preferred as the solvent. 

For the copolymerization, the transition metal amide compound (A") is usually used in an amount of 10" 8 to 10* 2 
moles, and preferably 10* 7 to 10" 3 moles, to one liter of the reaction volume. 

10 The organoaluminum oxy -compound (B-1 ) is usually used in an amount such that the aluminum atoms in (B-1 ) and 
the transition metal atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-i)/M] of 10 to 5000, 
and preferably 20 to 2000. The ionizing ionic compound (B-2) is usually used in an amount such that (B-2) and the tran- 
sition metal atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-2)/M] of 1 to 10, and prefer- 
ably 1 to 5. The organometallic compound (B-3) is usually used in an amount such that (B-3) and the transition metal 

15 atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-3)/M] of 0.01 to 5000, and preferably 0.05 
to 2000. 

The polymerization temperature is usually in the range of -50 to 200 °C, and preferably 0 to 170 °C. The polymeri- 
zation pressure is usually from normal pressure to 1 00 kg/cm 2 , and preferably from normal pressure to 50 kg/cm 2 , and 
the polymerization reaction may be carried out by a batch-wise process, semi-continuous process or continuous proc- 
20 ess. The polymerization may also be divided into 2 steps, each of which has a different reaction condition. 

The molecular weight of the resulting aromatic vinyl compound/a-olef in copolymer, ethylene/a-olef in copolymer or 
a-olefin random copolymer may be adjusted by adding hydrogen to the polymerization system, or by changing the 
polymerization temperature. 

The aromatic vinyl compound/a-olef in copolymer obtained according to the invention preferably has the structural 
25 unit derived from the a-olefin (Uqi) and the structural unit derived from the aromatic vinyl compound (U V i) in a molar 
ratio [(Uoi):(U vl )] of 99:1 to 1:99, and more preferably 98:2 to 2:98. Also, the intrinsic viscosity fa) of the aromatic vinyl 
compound/a-olef in copolymer obtained according to the invention as measured in a decalin at 135 °C is preferably 0.01 
dl/g or greater. 

The ethylene/a-olefin random copolymer obtained according to the invention preferably has the structural unit 
30 derived from ethylene (U Et ) and the structural unit derived from the a-olefin of 3 or more carbon atoms (U 0 |) (ii) in a 
molar ratio [(U Et ):(U 0 i)] of 99.0:1 .0 to 0.1 :99.9, and more preferably 98.0:2.0 to 0.1 :99.9. Also, the intrinsic viscosity fa) 
of the ethylene/a-olefin random copolymer obtained according to the invention as measured in a decalin at 135 °C is 
preferably 0.01 dl/g or greater. Particularly preferred as ethylene/a-olefin random copolymers obtained according to the 
invention are those having [(U Et ):(Uoi)] of 50.0:50.0 to 0.1 :99.9 and fa) of 0.3 dl/g or greater. 
35 The composition of an a-olefin random copolymer obtained according to the invention, having at least 2 different a- 
olef ins, is usually 1 to 99% by mole, and preferably 2 to 98% by mole of one of the a-olefin components, and usually in 
the range of 1 to 99% by mole, and preferably 2-98% by mole of the other a-olefin. Also, the intrinsic viscosity fa) of the 
a-olefin random copolymer obtained according to the invention as measured in a decalin at 135 °C is preferably 0.01 to 
10 dl/g. 

40 For preparing a cyclic olefin copolymer, it is preferred to use an olefin polymerization catalyst (3) comprising a tran- 
sition metal amide compound (A") and at least one compound (B) selected from among organoaluminum oxy-com- 
pounds (B-1), ionizing ionic compounds (B-2) and organometallic compounds (B-3). 

Specific linear or branched olefins to be used in the process for preparing cyclic olefin copolymers using the olefin 
polymerization catalyst (3) include the aforementioned a-olef ins used for the process for preparing aromatic vinyl com- 
45 pound/a-olef in copolymers. These linear or branched olefins may be used singly or in combinations of two or more. 

Cyclic olefins to be used in the process for preparing cyclic olefin copolymers using the olefin polymerization cata- 
lyst (3) include cyclic olefins represented by the following general formulas (i) and (ii). 
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where n is 0 or 1 , m is 0 or a positive integer, and k is 0 or 1 . When k is 1 , the ring represented with k is a 6-membered 
20 ring, and when k is 0 the ring is a 5-membered ring. 

R 1 to R 18 , and R a and R b are each independently hydrogen atoms, halogen atoms or hydrocarbon groups. 
The halogen atoms are fluorine atoms, chlorine atoms, bromine atoms or iodine atoms. 

As hydrocarbon groups there may be mentioned generally alky! groups of 1 to 20 carbon atoms, halogenated alkyl 
groups of 1 to 20 carbon atoms, cycloalkyl groups of 3 to 15 carbon atoms and aromatic hydrocarbon groups. More spe- 
25 crfically, 

as alkyl groups there may be mentioned methyl, ethyl, propyl, isopropyl, amyl, hexyl, octyl, decyl, dodecyl and 
octadecyl. These alkyl groups may also be substituted with halogen atoms. 

As cycloalkyl groups there may be mentioned cyclohexyl, and as aromatic hydrocarbon groups there may be men- 
tioned phenyl and naphthyl. 

30 In general formula (i) above, R 15 and R 16 , R 17 and R 18 , R 15 and R 17 , R 16 and R 18 , R 15 and R 18 or R 16 and R 17 
may each be linked (together) to form a single ring or multiple rings, and the single or multiple rings formed in this man- 
ner may include double bonds. As single or multiple rings formed here there may be mentioned the following specific 
ones. 

:o c :q O :cO 



45 




In these examples, the carbon atom as 1 or 2 represents the carbon atom bonded to R 15 (R 16 ) or R 17 (R 18 ), respec- 
tively, in general formula (i) above. 
so In addition, R 15 and R 16 , or R 17 and R 18 may form an alkylidene group. Such alkylidene groups are usually alkyli- 
dene groups of 2 to 20 carbon atoms, and as specific examples of such alkylidene groups there may be mentioned 
ethylidene, propylidene and isopropylidene. 
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R 38 R 39 



10 
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R31 R32 



(ii) 



20 



25 



30 



35 



where p and q are each independently 0 or a positive integer, and r and s are each independently 0, 1 or 2. 

R 21 to R 39 are each independently a hydrogen atom, halogen atom, hydrocarbon group or alkoxy group. 

The halogen atoms indicated here are the same halogen atoms in general formula (i) above. 

As hydrocarbon groups there may be mentioned generally alkyl groups of 1 to 20 carbon atoms, cydoalkyl groups 
of 3 to 15 carbon atoms and aromatic hydrocarbon groups. More specifically, 

as alkyl groups there may be mentioned methyl, ethyl, propyl, Isopropyl, amyl, hexyl, octyl, decyl, dodecyl and 
octadecyl. These alkyl groups may also be substituted with halogen atoms. 

As a cydoalkyl group there may be mentioned cyclohexyl. 

As aromatic hydrocarbon groups there may be mentioned aryl and aralkyl groups, and specifically phenyl, tolyl, 
naphthyl. benzyl and phenylethyl. 

As alkoxy groups there may be mentioned methoxy, ethoxy and propoxy. 

Here, the carbon atom to which R 29 and R 30 bond and the carbon atom to which R 33 bonds or the carbon atom to 
which R 31 bonds may be bonded directly or through an alkylene group of 1 to 3 carbon atoms. When these two carbon 
atoms are bonded through an alkylene group, R 29 and R 33 or R 30 and R 31 are together to form one alkylene group from 
among methylene (-CH 2 -), ethylene (-CHpCrV) and propylene (-CH 2 CH2CH 2 -). 

In addition, when r=s=0 , R 35 and R 32 or R 35 and R 39 may be bonded together to form a monocyclic or polycyclic 
aromatic ring. Specifically, the following aromatic rings formed by R 35 and R 32 when r=s=0 may be mentioned. 
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where q is the same q as in genera) formula (ii). 

As specific cyclic olefins represented by the above general formulas (i) and (ii) there may be mentioned, 
bicycJo-2-heptene derivatives (bicyclohepto-2-ene derivatives), tricyclo-3-decene derivatives, tricyclo-3- 
undecene derivatives, tetracyclo-3-dodecene derivatives, pentacyclo-4-pentadecene derivatives, pentacyclopentadec- 
adiene derivatives, pentacyclo-3-pentadecene derivatives, pentacyclo-3-hexadecene derivatives, pentacydo-4-hexa- 
decene derivatives, hexacyclo-4-heptadecene derivatives, heptacydo-5-eicosene derivatives, heptacyclo-4-eicosene 
derivatives, heptacyclo-5-heneicosene derivatives, octacycio-5<Jocosene derivatives, nonacyclo-5-pentacosene deriv- 
atives, nonacyclo-6-hexacosene derivatives, cyclopentadiene-acenapthalene adducts, 1,4-methano-1,4,4a,9a-tetrahy- 
drofluorene derivatives and 1,4-methano-1,4,4a,5.10,10a-hexahydroanthracene derivatives. 

The following are more specific examples of cyclic olefins represented by the above general formulas (i) and (ii). 



bicyclo[2.2.1]hepto-2-ene derivatives such as 
bicyclo[2.2.1]hepto-2-ene (= norbornene), 
5-methylbicyclo[2.2. 1 ]hepto-2-ene. 

5.6- dimethylbicyclo[2.2 . 1 ]hepto-2-ene, 
1 -methylbicyclo[2.2.1]hepto-2-ene, 
5-ethylbicyclo[2.2.1 ]hepto-2-ene. 
5-n-butylbicyclo[2.2.1]hepto-2-ene, 
5-isobutyibicyclo(2.2.1]hepto-2-ene and 

7- methylbicyclo[2.2.1]hepto-2-ene; 
tricyclo[4.3.0.1 2,5 ]-3<lecene derivatives such as 
tricyclo[4.3.0. 1 2,5 ]-3-decene, 
2-methyltricyclo[4.3.0.1 2 ' 5 ]-3-decene and 
S-methyltricycloi^S.O.^'^-S-decene; 
tricydo[4.4X).1 2 '^-3-undecene derivatives such as 
tricyclo[4.4.0. 1 2,5 ]-3-undecene and 
10-methyltricycIo[4.4.0.1 2,5 ]-3-undecene; 
tetracyclo[4.4.0.1 2,5 .1 7,10 ]-3-dodecene derivatives such as 
tetracyclo[4.4.0. 1 2 « 5 . 1 7 ,1 °]-3-dodecene, 

8- methyltetracydo[4.4.0. 1 2 - 5 . 1 71 °]-3<lodecene, 
8-ethyltetracyclo[4.4.0. 1 2 - 5 . 1 7 - 1 °]-3<Jodecene. 
8-propyltetracydo[4.4.0. 1 25 . 1 7 ' 10 ]-3-dodecene, 
8-butyltetracyclo[4.4.0.1 2 ' 5 .1 7 - 10 ]-3-dodecene, 
8-isobutyltetracyclo[4.4.0. 1 2 - 5 . 1 7 - 1 °]-3-dodecene, 
8-hexyltetracyclo[4.4.0. 1 2 - 5 . 1 7 - 10 ]-3-dodecene, 
8-cyclohexyltetracyclo[4.4.0. 1 2 ' 5 . 1 7 » 1 ^^odecene, 
8-stearyltetracyclo[4.4.0.l 2 ' 5 .l 7 ' 10 ]-3<iodecene, 

5, 1 0-dimethyltetracyclo[4.4.0. 1 2 - 5 . 1 7(1 °]-3-dodecene, 
2,1 0-d1 methyltetracyclo[4.4.0. 1 25 . 1 7,10 ]-3-dodecene, 
8.9-dimethyltetracyclo[4.4.0.1 2 ' 5 .1 7i10 ]-3-dodecene, 

8- ethyl-9-methyltetracycio[4.4.0.1 2 ' 5 .1 7 ' 10 l-3-dodecene, 
1 1 ,12-dimethyltetracyclot4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene r 
2,7,9-trimethyltetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene f 

2.7- dimethyl-9-ethyltetracyclo[4.4.0. 1 2 > 5 .1 7 « 10 ]-3-dodecene, 

9- isobutyl-2,7-dimethyltetra^^ 

9,1 1 .^-trimethyltetracyclo^^.O.^^.^'^^-dodecene, 

9-ethyM 1 ,12<limethyltetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 

9-isobutyM 1 .^-dimethyltetracyclo^^.O.^^.^'^-S-dodecene, 

S.S^.IO-tetramethyltetracyclo^^.O.^^.^'^-S-dodecene, 

8-ethylidenetetracyclo[4.4.0.1 2 ' 5 .1 7 - 10 ]-3-dodecene, 

8-ethylidene-9-methyKetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 

8^hylidene-9-ethyltetracyclo(4.4.0.1 2i5 .1 7 ' 10 ]-3-dodecene, 

8-ethylidene-9-isopropyltetracyclo[4.4.0.1 2,5 .1 7,10 ]-3-dodecene, 

8-ethylidene-9-butyltetracydo[4 AO. 1 2 > 5 . 1 7> 10 ]-3<Jodecene, 

8-n-propylidenetetracydo[4.4.0.1 2 ' 5 .1 7,10 ]-3-dodecena ( 

8-n-propylidene-9-methyltetracyclo[4.4.0.1 2>5 ,1 7 ' 10 ]-3-dodecene, 

8-n-propylidene-9-ethyltetracydo[4.4.0. 1 2,s . 1 7 ' 10 ]-3<todecene, 

8-n-propylidene*9-isopropyttetracyclo[4.4.0.l 2,5 .1 7 - 10 ]-3-dodecene, 
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8-n-propyiidene-9-butyttetracyclo[4.4.0.1 2,5 .1 7 ' 10 ]-3-dodecen8, 

8-isopropytidenetetracyclo[4.4.0. 1 2,s . 1 7 » 10 ]-3-dodecene, 

8-isopropylidene-9-methyftetracyclo[4.4.0. 1 2,s . 1 710 ]-3-dodecene, 

8-i6opropylidene-9-ethyltetracyclo[4.4.0.l 2 ' 5 .l 7 ' 10 J-3-dodecene, 
5 8-isopropylidene-9-isopropyltetracyclo[4.4,0.1 2,5 .1 7,10 ]-3-dodecene, 

8-isopropylidene-9-butyttetracydol4.4.0. 1 2,s . 1 7>10 ]-3-dodecene. 

8-chlorotetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 l-3-dodecene, 

8-bromotetracyclo[4.4.0.1 2,5 .1 7 1( ^-3-dodecene, 

8-1luorotetracycio[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene and 
10 8,9-dichlorotetracyclo[4.4.0.1 2 ' 6 .1 7,10 ]-3-dodecene; 

pentacyclo(6.5.1 .1 3,6 .0 2,7 .0 9 ' 13 ]-4-pentadecene derivatives such as 

pentacydot6.5.1.1 3i6 .(^' 7 .0 9 ' 13 ]-4-pentadecene, 

1 ,3-dimethylpentacydo[6.5.1 .1 3 ' 6 .0 2 - 7 0 9 - 13 ]-4-pentadecene, 

1 ,6<limethylpentacyclol6.5.1.1 3 ' 6 .0 2 ' 7 .0 9 ' 13 ]-4-pentadecene and 
is 14J5<jimethylpentacyclo[6.5.1.1 3>6 .0 2 ' 7 .0 9 ' 13 ]-4-pentadecene; 

pentacyclo[7.4.0.1 2,5 .1 9 ' 12 .0 8,13 ]-3-pentadecene derivatives such as 

pentacyclo[7.4.0,1 2,5 .1 9 ' 12 .0 8,13 ]-3-pentadecene and 

methyl-substituted pentacydo[7.4.0.1 2 ' 5 .1 9 ' 12 .0 8 ' 13 ]-3-pentadecene; 

pentacyclopentadecadiene compounds such as 
20 pentacycio[6.5.1.1 3 ' 6 .0 2 ' 7 .0 9 ' 13 ]-4,10-pentadecadiene; 

pentacyclo[8.4.0.1 2,5 .1 9 ' 12 .0 8,13 ]-3-hexadecene derivatives such as 

pentacycloJS^.O.^^.^'^^^l-S-hexadecene, 

l1-methyl-pentacyclo[8.4.0.1 2,5 .1 9 ' 12 .0 8 » 13 ]-3-hexadecene ( 

1 1- ethyl-pentacyclo[a4.0.1 2 ' 5 .1 9,12 .0 8,13 ]-3-hexadecene and 
25 lO.ll^imethyl^entacycIoie^.O.^^.I^^.C^'^l-S-hexadecene; 

pentacyclo[6.6.1.1 3,6 .0 2 ' 7 .0 9,14 ]-4-hexadecene derivatives such as 
pentacyclo[6.6.1.1 3 « 6 .0 2 » 7 .0 9 ' 14 H-hexadecene, 
1,3-dimethylpentacyclo[6.6.1.1 3i6 .0 2 ' 7 .0 9 ' 14 ]-4-hexadecene, 
1 ,6-dimethylpentacyclo[6.6.1 .1 3 ' 6 .0 2 - 7 .0 9 ' 14 ]-4-hexadecene and 
30 15,1 6-di methylpentacyclo[6.6. 1 . 1 3 ' 6 .0 2 - 7 0 9 - 14 ]-4-hexadecene; 

hexacyclo[6.6.l .1 3,6 .1 1013 .0 2 ' 7 .0 9,14 ]-4-heptadecene derivatives such as 
hexacyclo[6.6.l .1 36 .1 10 ' 13 .0 2 - 7 .0 9 ' 14 ]-4-heptadecene, 

12- methylhexacyclo[6.6.1.1 3 ' 6 .1 10 ' 13 0 2 - 7 .0 9 ' 14 ]-4-heptadecene, 
l2-ethylhexacydo[6.6.1 .1 36 .1 10 ' 13 .0 2 ' 7 .0 9 ' 14 ]-4-heptadecene, 

35 12-isobutylhexacydo[6.6.1.1 36 .1 10 ' 13 .0 2 ' 7 .0 9 - 14 ]^-heptadecenearTd 

1 ,6, 1 0-trimethyl-1 2-isobutylhexacyclo[6.6. 1 . 1 3 6 . 1 10,1 3 .0 2 ' 7 .0 9 ' 1 V-heptadecene; 

heptacyclo-5-eicosene derivatives such as 

heptacydo[8.7.0. 1 29 .1 4,7 1 1 1 - 1 7 .0 3 - 8 . 0 12 - 16 ]-5-eicosene; 

heptacyclo[8.7.0.1 3 ' 6 .1 10 ' 17 .1 12 ' 15 .0 2 ' 7 .0 11 ' 16 ]-4-eicosene derivatives such as 
40 heptacydo[87.0.1 3 ' 6 .1 10 ' 17 .1 12 ' 15 .0 2 - 7 .0 11 ' 16 ]-4-eicoseneand 

dim ethyl -substituted 

heptacyclo[87.0.1 36 .1 10 ' 17 J 12 ' 15 .0 2 ' 7 .0 11 ' 16 ]-4-eicosene; 
heptacyclo-5-heneicosene derivatives such as 
heptacyclo[8.8.0.1 29 1 4 - 7 .1 11 ' 18 .0 3i8 0 12 ' 17 )-5-heneicosene, 
45 heptacyclo[8.8.0.1 4 ' 7 1 11 ' 18 .1 13 ' 16 .0 3 ' 8 .0 12 - 17 ]-5-heneicosene, 

15-methyl-heptacyclo[8.8.0.1 4 ' 7 .^ and 
trimethyl-substituted 

heptacyc1o[8.8.0J 4i7 J 11 ' 18 .1 13 ' 16 .0 3 ' 8 .0 12 ' 17 ]-5-heneicosene; 
octacyclo[8.8.0,1 2 - 9 .1 4 ' 7 .1 11 - 18 1 13 ' 16 .0 3 « 8 .0 12 ' 17 ]-5-docosene derivatives such as 
so octacyclo[8.8U1 2 ' 9 .1 4 ' 7 1^ 

15-methyloctacyclo[8.8XM 2 ' 9 .^^ and 
1 5-etriyloctacydo[8.8.0. 1 ^ 

nonacydo[10.9.1.1 4J .1 13>20 .1 15 ' 18 0 2 ^ such as 

nonacydo[10.9.1.1 4 - 7 .1 13(20 .1 1518 .0 2 - 10 .0 38 .0 12 - 21 .0 14 ' 19 ]-5-pentacosene and 
55 trimethyl-substituted 

nonacycloIIO^M 4 ' 7 .! 13 ' 20 .^^ 
nonacyclo[10.10.1.1 5 ' 8 1 14 ' 2l .1 16 - 19 .O 2 ' 11 .0 4 ' 9 0 13 - 22 . 
Q^-^-e-hexacosene derivatives such as 
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nonacycloIIO.IO.I.I^.I 14 ' 21 .! 16 - 19 .^' 11 ^ 4 ^ 13 ' 22 . 0 15 ' 20 ]-6-hexacosene; 
as well as 

5-phenyl-bicyclo[2.2.1 ]hepto-2-ene, 

5-metriyl-5-phenyl-[2.2.1]hepto-2-ene, 

5-benzyl-bicyclo[2.2.1 ]hepto-2-ene, 

5-tolyl-bicyclo[2.2.1]hep1o-2-ene, 

5-(ethylphenyl)-bicydo[2.2.1]hepto-2-ene ( 

5-(isopropy lphenyl)-bicyclo[2-2. 1 ]hepto-2-ene, 

5-(biphenyl)-bicydo[2.2.1]hepto-2-ene, 

5-(P-naphthyi)-bicyclo[2.2.1]hepto-2-ene I 

S^a-naphthylJ-bicyclop^.lJhepto^-ene, 

5-(arrthracenyl)-bicyclo[2.2.1]hepto-2-ene, 

5,6-diphenyl-bicyclo[2.2.1]hepto-2-ene, 

cydopentadiene-acenaphthylene adduct, 

1 ,4-methano-1 ^^.Sa-tetrahydrof luorene, 

I , 4-methano-1 ,4,43,5, 1 0, 1 Oa-hexahydroanthracene, 
8-phenyl-tetracyclo[4.4.0.1 2 - 5 .1 7 ' 10 ]-3-dodecene, 
S-mett^-SiDhenyt-tetracyclo^.A.O.I^.^'^-S-dodecene, 
8-beruyl-tetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 
8-tolyl-tetracyclo[4,4.0.1 2 ' 5 .1 7 * 10 ]-3<lodecene, 
8-{etfTylphenyl)-tetracycIo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 
S-iisopropylphenylJ-tetracyclo^^.O.^^.^'^^Klodecene, 
8,9-diphenyl-tetracyclo[4.4.0. 1 2J \ 1 7 ' 10 ]-3-dodecene, 
8-(biphenyl)-tetracyclo[4.4.0.1 2,5 .1 7,10 ]-3-dcxlecene, 
8-(p-naphlhy))-tetracyclot4.4.0.l 2 ' 5 .1 7 ' 10 ]-3<lodecene, 
8-(a-naphthyl)-tetracyclo[4.4.0.1 2 - 5 . 1 7 ' 1 °]-3-dodecene, 
8-(anthracenyl)-tetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 

adduct of cyciopentadiene to (cydopentadiene-acenaphthylene adduct), 

I I , 12-benzo-pentacyclo[6.5.1 .1 3 ' 6 .0 2 « 7 .0 9 ' 13 ]-4-pentadecene p 
1 1 ,12-benzo-pentacyclo[6.6.1 .1 3 - 6 .0 2 ' 7 .0 9 - 14 ]-4-hexadecene, 

1 1-phenyl-hexacyclo[6.6.1 .1 3 ' 6 .1 10 - 13 .0 2 ' 7 0 9 - 14 H-heptadecene, 
l4,15-benzo-heptacyclo[8.7.0.1 2 ' 9 .1 4 - 7 .1 11 ' 17 .0 3 ' 8 .0 12 ' 16 ]-5-eicosene.etc. 

The method of use and order of addition of each of the components may be selected as desired for copolymeriza- 
tion of a linear or branched olefin and cyclic olefin in the process for preparing a cyclic olefin copolymer according to 
the invention, but the following methods may be presented as embodiments: 

(1) A method whereby component (A") and component (B) which is at least one selected from among organoalu- 
minum oxy-compounds (B-1) r ionizing ionic compounds (B-2) and organometallic compounds (B-3) (hereunder 
referred to as "component (B)") are added to the polymerization reactor in the desired order; 

(2) A method whereby a catalyst obtainable by pre-contacting component (A") and component (B) is added to the 
polymerization reactor; and 

(3) A method whereby a catalyst component obtainable by pre-contacting component (A") and component (B) and 
another component (B) are added to the polymerization reactor in the desired order. Here, the two components (B) 
may be the same or different. 

Copolymerization of linear or branched olefins and cydic olefins is usually carried out by a liquid phase polymeri- 
zation method such as solution polymerization or suspension polymerization. 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specifically mentioned the same 
inert hydrocarbon mediums used for the process for preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the linear or branched olefins themselves used for the copolymerization may also be used as 
solvents. 

Among these inert hydrocarbon mediums are preferred aliphatic hydrocarbons and alicyclic hydrocarbons. The lin- 
ear or branched olefin itself used for polymerization is also preferred as the solvent. 

For the copolymerization of the linear or branched olefin and the cyclic olefin using the olefin polymerization cata- 
lyst (3), the transition metal amide compound (A") is usually used in an amount of 1 0" 8 to 1 0' 2 moles, and preferably 1 0" 
7 to 10' 3 moles, to one liter of the reaction volume. 

The organoaluminum oxy -compound (B-1 ) is usually used in an amount such that the aluminum atoms in (B-1 ) and 
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the transition metal atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-1)/M] of 10 to 5000, 
and preferably 20 to 2000. The ionizing ionic compound (B-2) is usually used in an amount such that (B-2) and the tran- 
sition metal atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-2)/M] of 1 to 10, and prefer- 
ably 1 to 5. The organometallic compound (B-3) is usually used in an amount such that (B-3) and the transition metal 
5 atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-3)/M) of 0.01 to 5000. and preferably 0.05 
to 2000. 

The polymerization temperature is usually in the range of -50 to 200 °C, and preferably 0 to 1 70 °C. The polymeri- 
zation pressure is usually from normal pressure to 100 kg/cm 2 , and preferably from normal pressure to 50 kg/cm 2 , and 
the polymerization reaction may be carried out by a batch-wise process, semi-continuous process or continuous proc- 
w ess. The polymerization may also be divided into 2 steps, each of which has a different reaction condition. 

The molecular weight of the resulting cyclic olefin copolymer may be adjusted by adding hydrogen to the polymer- 
ization system, or by changing the polymerization temperature. 

The cyclic olefin copolymer obtained according to the invention preferably has the structural unit derived from the 
linear or branched olefin (U Ch ) and the structural unit derived from the cyclic olefin (U Cy ) in a molar ratio [(U Ch ):(U Cy )] 
is of 95:5 to 5:95, and more preferably 90:10 to 10:90. The intrinsic viscosity ft) of the cyclic olefin copolymer obtained 
according to the invention is preferably 0.01 to 10 dl/g. 

The process for preparing an olefin polymer according to the invention may be polymerization or copolymerization 
of olefins in the presence of an olefin polymerization catalyst (olefin polymerization catalyst (4)) comprising: 

20 (A"*) a transition metal amide compound represented by general formula (IV) below and 
(B-1) an organoaluminum oxy-compound. 

wherein the organoaluminum oxy-compound (B-1) is added to the polymerization system as an aliphatic hydrocar- 
bon or alicyclic hydrocarbon slurry. 

25 Each of the components forming this olefin polymerization catalyst used for the invention will now be explained. 

(A™) Transition metal amide compound 

The transition metal amide compound (A'") used according to the invention is a transition metal amide compound 
30 represented by general formula (IV) below 

(R 2 N) k M 2 X 2 j. k (IV) 

35 

where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table, and is preferably a transition metal 
atom of Group 4 of the Periodic Table, such as titanium, zirconium or hafnium. 

j represents the valency of the transition metal atom M 2 

k represents an integer of 1 to j. 
40 Each R may be the same or different and represents a hydrogen atom, a hydrocarbon group, a halogenated hydro- 
carbon group, an organosilyl group or a substituent having at least one element selected from among nitrogen, oxygen, 
phosphorus, sulfur and silicon. 

As specific hydrocarbon groups there may be mentioned linear or branched alkyf groups of 1 to 20 carbon atoms 
such as methyl, ethyl, n-propyl, isopropyt, n-butyl, isobutyi, sec-butyl, tert-butyl, pentyl, hexyl, octyl, decyl and octadecyl; 
45 aryl groups of 6 to 20 carbon atoms such as phenyl and naphthyl; substituted aryl groups with 1 to 5 substituents such 
as the aforementioned alkyl groups of 1 to 20 carbon atoms on these aryl groups; cycloalkyl groups such as 
cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl groups such as vinyl, propenyl and cyclohexenyl; and aryla- 
Ikyl groups such as benzyl, phenytethyl and phenylpropyl. 

As halogenated hydrocarbon groups there may be mentioned the aforementioned hydrocarbon groups which have 
so been substituted with halogens. 

As specific organosilyl groups there may be mentioned methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, 
triethylsilyl, triphenylsilyl, etc. 

As substituents with at least one element selected from among nitrogen, oxygen, phosphorus, sulfur and silicon 
there may be mentioned the hydrocarbon groups mentioned above substituted with -COOCH 3 , -N(CH 3 )C(0)CH 3 , - 
55 OC(0)CH 3 , -CN, -N(C 2 H 5 ) 2 , -N(CH 3 )S(02)CH 3 , -P(C 6 H 5 } 2 , etc. 

The groups represented by R which are bonded to the same nitrogen atom may be linked together to form an 
aliphatic or other type of ring, and preferably the portions corresponding to these groups form a ring-containing struc- 
ture of 3 to 30 carbon atoms. 
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When k is 2 or greater, the groups represented by R which are bonded to different nitrogen atoms may be the same 
or different and may be linked together to form an aliphatic or aromatic ring, and preferably the portions corresponding 
to these groups form a ring-containing structure of 3 to 30 carbon atoms. 

X 2 has the same definition as X 2 in general formula (II) above, and when j-k is 2 or greater, each X 2 may be the 
same or different. 

Among these are preferred halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 
The following are specific, but not limitative examples of transition metal amide compounds represented by general 
formula (IV) above. 



bis(dimethylamide) titanium dichloride, 
bis(diethylamfcJe) titanium dichloride, 
bis(dipropylamide) titanium dichloride, 
diisopropylamide titanium trichloride, 
bis(diisopropylamide) titanium dichloride. 
tris(diisopropylamide) titanium chloride, 
tetrakis(diisopropylamide) titanium, 
dibutylamide titanium trichloride, 
bis(dibutylamide) titanium dichloride, 
tris(dibutylamide) titanium chloride, 
tetrakis(dibutylamide) titanium, 
bis(diisobutylamide) titanium dichloride. 
bis(dihexylamide)titanium dichloride, 
dioctylamide titanium trichloride, 
bis(dioctyfamide) titanium dichloride. 
tris(dioctylamide) titanium chloride, 
tetrakis(dioctylamide) titanium, 
bis(didecylamide) titanium dichloride, 
bis(dioctadecylamide) titanium dichloride, 
bis(diethytamide) bis[bis(trimethylsilyl)amide] titanium, 
bis[bis(trimethylsilyl)amide] titanium dichloride, 
tris[bis(trimethylsilyl)amide] titanium chloride, 
tetrakis[bis(trimethylsilyl)amide] titanium, etc. 



As additional transition metal amide compounds represented by general formula (IV) above there may be men- 
tioned the aforementioned compounds wherein titanium has been replaced with zirconium or hafnium. 

As transition metal amide compounds represented by general formula (IV) above wherein two R groups attached 
to different nitrogen atoms are linked together to form a bonding group bonding the two nitrogen atoms, there may be 
mentioned compounds represented by the following general formula (IV-1). 



((EJA 3 )^ M*X 2 P 



N 



where M 2 has the same definition as M 2 in general formula (IV) above, and is preferably a transition metal atom of 
Group 4 of the Periodic Table such as titanium, zirconium or hafnium, especially preferred is titanium. 

R' and R" may be the same or different, and have the same definition as R in general formula (IV) above. 

m is in integer of 0 to 2. 

n is an integer of 1 to 5. 

A 3 represents an atom of Groups 13 to 16 of the Periodic Table, among which there may be mentioned specifically 
boron atoms, carbon atoms, nitrogen atoms, oxygen atoms, silicon atoms, phosphorus atoms, sulfur atoms, germanium 
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atoms, selenium atoms and tin atoms. Preferred are carbon atoms and silicon atoms. When n is 2 or greater, the groups 
represented by A 3 may be the same or different. 

E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phos- 
phorus, boron and silicon or substituents containing these atoms. When multiple groups are represented by E, the 
5 groups represented by E may be the same or different and two or more of the groups represented by E may be linked 
together to form a ring, preferably with the portion corresponding to these groups forming a ring-containing structure of 
3 to 30 carbon atoms. 

As bonding groups represented by ((E m )A 3 ) n bonding the 2 nitrogen atoms there may be specif ically mentioned the 
following groups: 

to -CH 2 -, -C(Me) 2 -, -C(Ph) 2 -, -Si(Me) 2 -, -Si(Ph) 2 -, -Si(Me)(Ph)-, -CH 2 CH 2 -, -CHgSiCMe)^, -CH 2 CH 2 CH 2 -, - 
CHaCKMefeChV. -CH 2 C(Et)2CH 2 -, -CH2C(nPr) 2 CH 2 - f -CHgCflPrfeCHjr, -CH 2 C(nBu) 2 CH 2 -, -CH 2 C(iBu) 2 CH 2 -, - 
CH 2 C(sBu) 2 CH 2 -, -CH 2 C(cPen) 2 CH 2 -, -CH 2 C(cHex) 2 CH 2 -.-CH 2 C(Ph) 2 CH 2 -. -CH 2 C(Me)(Et)CH 2 -, 
CH 2 C(Me)(iPr)CH2-, -CH 2 C(Me)(iBu)CH 2 -, -CH2C(Me)(tBu)CH 2 - t -CHgCfMeJOPenJCHa-, -CH 2 C(Me)(Ph)CH 2 -, - 
CH2C{Et)0Pr)CH 2 -, -CH 2 C(Et)(iBu)CH 2 -, -CH 2 C(Et)(iPen)CH 2 - ( -CH 2 C(iPr)(iBu)CH 2 -, -CH 2 CpPr)(iPen)CH 2 -, - 

15 CH 2 Si(Me) 2 CH 2 -, -CH 2 Si(Et) 2 CH 2 -. -CH 2 Si(nBu) 2 CH 2 -, -CH 2 Si(Ph) 2 CH r , -CH(Me)CH 2 CH(Me)-, 
CH(Ph)CH 2 CH(Ph)-, -Si(Me)20Si(Me) 2 -, -CH 2 CH 2 CH 2 CH 2 - , -SI(Me)2CH 2 CH 2 Si(Me)2-. 

- cx o< x a © 

, t 9 • 
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Incidentally, In these examples Me represents methyl, Et represents ethyl, nPr represents n-propyl, iPr represents 
isopropyl, nBu represents n-butyl, iBu represents isobutyl, sBu represents sec-butyl, tBu represents tert-butyl, iPen rep- 
resents isopentyl, cPen represents cyctopentyl, cHex represents cyclohexyl and Ph represents phenyl. 

p is an integer of 0 to 4. 

X 2 has the same definition as X 2 in general formula (IV) above. When p is 2 or greater the groups represented by 
X 2 may be the same or different. 

Among these are preferred halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 

The following are specific, but not limitative examples of transition metal amide compounds represented by general 
formula (IV-l)above. 
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In these examples, Me represents methyl, Et represents ethyl, iPr represents isopropyt and tBu represents tert- 
butyl. 

According to the invention, transition metal amide compounds wherein titanium in these compounds is replaced 
with zirconium or hafnium may also be used. 

Of the transition metal amide compounds represented by general formula (IV-1) according to the invention. Pre- 
ferred are transition metal amide compounds represented by the following general formula (IV-2), wherein R' and R" are 
each a substituted aryl group with 1 to 5 substituents such as alkyl. 
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where M 2 has the same definition as M 2 in genera! formula (IV) above, and is preferably a transition metal atom of 
Group 4 of the Periodic Table such as titanium, zirconium or hafnium, especially preferred is titanium. 

R 11 to R 20 may be the same or different, and have the same definitions as for R 11 to R 20 in general formula (II) 
above. 

30 m is an i nteger of 0 to 2 . 
n is an integer of 1 to 5. 

A 3 has the same definition as A 3 in general formula (IV-1) above, and is preferably a carbon atom or silicon atom. 
When n is 2 or greater, the groups represented by A 3 may be the same or different 

E has the same definition as E in general formula (IV-1) above, and is preferably a substituent containing one or 
35 more atoms selected from among carbon, hydrogen, nitrogen and silicon. When multiple groups are represented by E, 
the groups represented by E may be the same or different and two or more of the groups represented by E may be 
linked together to form a ring, preferably with the portion corresponding to these groups forming a ring-containing struc- 
ture of 3 to 30 carbon atoms. 

As bonding groups represented by ((E m ) A 3 ) n bonding the 2 nitrogen atoms there may be specifically mentioned the 
40 same groups given as examples for general formula (IV). 

p is an integer of 0 to 4. 

X 2 has the same definition as X 2 in general formula (IV) above, and is preferably a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atom or a sulfonate group. 

When p is 2 or greater the groups represented by X 2 may be the same or different 
45 As specific examples of transition metal amide compounds represented by general formula (IV-2) above there may 
be mentioned the same compounds given as examples of compounds represented by general formulas (II) and (III), but 
there is no limitation to these. 

Preferred among these transition metal amide compounds are transition metal amide compounds in which M 2 is 
titanium, A 3 in the group bonding the two nitrogen atoms is carbon or silicon, and n is 2 or 3. 
so These compounds may be used singly, or used in combinations of 2 or more. They may also be used in diluted form 
with a hydrocarbon or halogenated hydrocarbon. According to the invention, the transition metal amide compound (A w ) 
is most preferably used in a form diluted in an aliphatic hydrocarbon or alicyclic hydrocarbon (b) as described below. 

(B-1) Orpanoaluminum oxv<ompound 

55 

According to the invention, the organoaluminum oxy-compound (B-1) is used as a slurry with the aliphatic hydro- 
carbon or alicyclic hydrocarbon (b) mentioned below. 

As specific examples of the aliphatic hydrocarbon or alicyclic hydrocarbon (b) to be used according to the invention 
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there may be mentioned aliphatic hydrocarbons such as octane, decane, 2,2-dimethytpropane, 2-methylbutane, 2,2- 
dimethylbutane, 2,3-dimethylbutane, 2,2,3-trimethylbutane, n-pentane, 2-methylpentane, 3-methylpentane, 2,2-dimeth- 
ylpentane, 3,3-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, n-hexane, 2-methylhexane, 3-methylhex- 
ane and n-pentane; and alicyctic hydrocarbons such as cyclohexane, methylcyclopentane and dimethylcyciopentane. 
These may also be used in a mixture. 

The aliphatic hydrocarbon or alicyclic hydrocarbon (b) used according to the invention preferably has a boiling point 
of not higher than 100 °C, more preferably not higher than 90 °C and most preferably not higher than 75 °C. 

The slurry of the organoaluminum oxy-compound (B-1) may be appropriately prepared by dispersing the organoa- 
luminum oxy-compound (B-1) in the aliphatic hydrocarbon or alicyclic hydrocarbon (b), and specifically it may be pre- 
pared by one of the following methods: 

(1) A method whereby the toluene is distilled off from a toluene solution of the organoaluminum oxy-compound (B- 
1), and the resulting powdered organoaluminum oxy-compound (B-1) is ground and suspended in the aliphatic 
hydrocarbon or alicyclic hydrocarbon (b); 

(2) a method whereby the toluene is distilled off from a toluene solution of the organoaluminum oxy-compound (B- 
1), and the aliphatic hydrocarbon or alicyclic hydrocarbon (b) is added to the resulting powdered organoaluminum 
oxy-compound (B-1), thereafter the organoaluminum oxy-compound (B-1) is ground; and 

(3) a method whereby a toluene solution of the organoaluminum oxy-oompound (B-1) is contacted with the aliphatic 
hydrocarbon or alicyclic hydrocarbon (b) to precipitate the organoaluminum oxy-compound (B-1), and then the 
medium is exchanged 

The toluene solution used here for the organoaluminum oxy-compound (B-1) is usually at a concentration of 0.1 to 
10 moles/liter, preferably 0.5 to 7 moles/liter and more preferably 0.5 to 5 moles/liter, in terms of aluminum atoms. 

For preparation of the slurry, the aliphatic hydrocarbon or alicyclic hydrocarbon (b) is used at 0.3 to 10, and prefer- 
ably 0.5 to 5 volumes with respect to the volume of the toluene solution containing the organoaluminum oxy-compound 
(B-1). 

The above explanation has been given for preparation of an aliphatic hydrocarbon or alicyclic hydrocarbon slurry 
of the organoaluminum oxy-compound (B-1) using a toluene solution of the organoaluminum oxy-compound (B-1), but 
a benzene solution of the organoaluminum oxy-compound (B-1) may also be used instead of a toluene solution of the 
organoaluminum oxy-compound (B-1). 

The solid organoaluminum oxy-compound (B-1) in the slurry prepared in this manner according to the invention 
preferably has an area to weight ratio of 10 m 2 /g or greater, and more preferably 100 m 2 /g or greater. 

According to the invention, the area to weight ratio may generally be measured by the BET method using a MONO- 
SORB-MS-12 by Guantachrome Co. For measurement of the area to weight ratio, the organoaluminum oxy-compound 
(B-1) is preferably dried under reduced pressure and taken up in a nitrogen atmosphere for the measurement proce- 
dure. 

Supplying the organoaluminum oxy-compound (B-1) to the polymerization reactor as a slurry with the aliphatic 
hydrocarbon or alicyclic hydrocarbon (b) allows polymerization or copolymerization of olefins to be accomplished with 
a high polymerization activity. 

The olefin polymerization catalyst (4) used according to the invention is prepared from the aforementioned transi- 
tion metal amide compound (A'") and organoaluminum oxy-compound (B-1), but it may also contain optionally any of 
the aforementioned organometallic compounds (B-3). According to the invention, the organometallic compound (B-3) 
may be used in a form diluted with a hydrocarbon, and preferably in a form diluted with the aliphatic hydrocarbon or ali- 
cyclic hydrocarbon (b) mentioned above. 

The olefin polymerization catalyst (4) used for the olefin polymerization process of the present invention comprises 
the aforementioned component (A ,M ), component (B-1) and optionally, component (B-3). Fig. 4 shows an embodiment 
of an olefin polymerization step using the olefin polymerization catalyst (4). 

The method of use and order of addition of each of the components may be selected as desired for the polymeri- 
zation, but the following methods may be presented as embodiments: 

(1) A method whereby component (A'") and a slurry of the aliphatic hydrocarbon or alicyclic hydrocarbon of com- 
ponent (B-1) [hereunder referred to as "component (B-1) slurryT are added to the polymerization reactor in the 
desired order; 

(2) A method whereby component (A*") and the component (B-1) slurry and component (B-3) are added to the 
polymerization reactor in the desired order; 

(3) A method whereby a catalyst obtainable by pre-contacting component (A'") and the component (B-1) slurry are 
added to the polymerization reactor; 

(4) A method whereby a catalytic component obtainable by pre-contacting component (A'") and the component (B- 
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1) slurry, and component (B-3) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst obtainable by pre-contacting component (A 1 "), the component (B-1) slurry and 
component (B-3) is added to the polymerization reactor; and 

(6) A method whereby a catalytic component obtainable by pre-contading component (A'"), the component (B-1) 
slurry and component (B-3), and another component (B-3) are added to the polymerization reactor in the desired 
order. Here, the two components (B-3) may be the same or different. 

According to the invention, the polymerization may be accomplished by either a liquid phase polymerization proc- 
ess including solution polymerization and suspension polymerization, or gas phase polymerization process, but liquid 
phase polymerization is preferably employed. 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specifically mentioned the same 
inert hydrocarbon mediums used for the process for preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the olefin compound itself used for the polymerization may also be used as the solvent. 
Among these inert hydrocarbon mediums are preferred aliphatic hydrocarbons and alicyclic hydrocarbons. The a-ole- 
fin, alicyclic vinyl compound or cyclic olefin themselves used for the polymerization is preferably used as the solvent. 

For liquid phase polymerization, the concentration of component (A ,n ) in the reaction system is usually 10" 8 to 10" 2 
moles, and preferably 10* 7 to 10" 3 moles, to one liter of the polymerization volume. 

Component (B- 1 ) is usually used in an amount such that the aluminum atoms in component (B-1 ) and the transition 
metal atoms (M) in component (A'") are in a molar ratio [(B-1)/M] of 10 to 5000, and preferably 20 to 2000. 

Component (B-3) optionally used is usually used in an amount such thai component (B-3) and the transition metal 
atoms (M) in the component (A m ) are in a molar ratio [(B-3)/M] of 0.01 to 5000, and preferably 0.05 to 2000. 

The polymerization temperature is usually in the range of -50 to 200 °C, and preferably 0 to 1 70 *C. The polymeri- 
zation pressure is usually from normal pressure to 1 00 kg/cm 2 , and preferably from normal pressure to 50 kg/cm 2 , and 
the polymerization reaction may be carried out by a batch-wise process, semi-continuous process or continuous proc- 
ess. The polymerization may also be divided into 2 steps, each of which has a different reaction condition. 

The molecular weight of the resulting olefin polymer may be adjusted by adding hydrogen to the polymerization 
system, or by changing the polymerization temperature. 

As olefins which can be polymerized with such olefin polymerization catalysts (4) there may be mentioned the 
same a-olefins of 2 to 20 carbon atoms, aromatic vinyl compounds, alicyclic vinyl compounds, cyclic olefins, linear pol- 
yenes of 4 to 20 carbon atoms and cyclic polyenes which were mentioned as olefins which can be polymerized with the 
olefin polymerization catalyst (2). 

These olefins may be used singly or in combinations of 2 or more. 

EFFECT OF THE INVENTION 

By using the olefin polymerization catalyst (1 ) it is possible to produce olefin polymers with excellent polymerization 
activity. 

By using the olefin polymerization catalyst (2) it is possible to produce olefin polymers with excellent polymerization 
activity and narrow molecular weight distributions. It is also possible to obtain olefin copolymers with narrow composi- 
tion distributions when 2 or more olefins are copolymerized. 

By using the olefin polymerization catalyst (3) it is possible to produce aromatic vinyl compounds/a-olefin copoly- 
mers, ethylene/a-olefin copolymers, a-olefin random copolymers and cyclic olefin-based copolymers, with excellent 
polymerization activity. 

According to the process for preparing olefin polymers according to the invention whereby an organoaluminum oxy- 
compound is added to the polymerization system as a slurry of an aliphatic hydrocarbon or alicyclic hydrocarbon, it is 
possible to produce olefin polymers with higher polymerization activity than by addition of an organoaluminum oxy-com- 
pound to the polymerization system as a solution in an aromatic hydrocarbon. In addition, there is no problem of resid- 
ual odor in the polymer and no problems with respect to working environment conditions. 

EXAMPLES 

The present invention will now be explained in greater detail in reference to examples, and it is construed that the 
invention is in no way limited to these examples. 
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Synthesis Example 1 

( Synthesis of 1,8-bis(phenylamide)naphtha)ene titanium dichloride) 

5 To a 100 ml-glass container thoroughly purged with nitrogen was fed 0.4320 g (1 .392 millimoles) of 1 ,8-bis(pheny- 
lamide)naphthalene, and it was dissolved in 10 ml of xylene. Titanium tetrachloride was then added and the mixture 
was heated at 160 °C for 9 hours. The impurities of the reaction solution were removed with a glass filter. The solution 
was distilled off from the filtrate to obtain 0.6 g of a crystalline violet solid. Recrystallization from a toluene-hexane mixed 
solution and purification yielded the target substance. The resulting target substance was confirmed by NMR analysis 

io to be the target substance represented by formula (a) below. 




so 



1H-NMR(CDCI 3 ): 6.10 (d,2H), 7.54 (t,2H), 7.58 (d,4H), 7.65 (t,2H), 7.70 (d t 2H), 7.71 (t,4H) 

Example 1 

35 

(Preparation of catalyst solution) 

To a glass container thoroughly purged with nitrogen wasted 2.14 mg of 1 ,8-bis(phenylamide)naphthalene titanium 
dichloride. To the container was then added 0.78 ml of a toluene solution of methyl aluminoxane (Al : 1 .60 moles/liter) to 
40 obtain a catalyst solution. 

(Polymerization) 

To a 300 ml-glass flask thoroughly purged with nitrogen was introduced 30 ml of 1 -hexene, and the system temper- 
45 ature was raised to 60 °C. Then, 1 .25 millimoles of methylaluminoxane and 0.78 ml (0.005 millimoles in terms of Ti) of 
the catalyst solution prepared above were added, to initiate polymerization. Thereafter, a system temperature of 60 °C 
was then maintained for 6 minutes of polymerization. The polymerization was terminated by addition of a small amount 
of isobutyl alcohol to the system. The resulting polymer solution was dried under reduced pressure to remove the unre- 
ached 1 -hexene, and then dried overnight under reduced pressure at 80 °C. As a result there was obtained 4.9 g of a 1 - 
so hexene polymer (polymerization activity: 9.8 kg/mmol Tixhr). 

Example 2 

(Polymerization) 

55 

To a 300 rrrf-glass flask thoroughly purged with nitrogen was introduced 30 ml of 1 -hexene, and the system temper- 
ature was raised to 60 °C. Then, 0.02 millimole of triisobutylaluminum and 1.0 ml (0.005 millimole in terms of Ti) of a 
toluene solution of 1,8-bis(phenylamide)naphthalene titanium dichloride were added, and further 0.01 millimole ol 
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triphenylcarbenium tetrakis(perttaf luorophenyl) borate was introduced, to initiate polymerization. Thereafter, a system 
temperature of 60 °C was maintained for 6 minutes of polymerization. The polymerization was terminated by addition 
of a small amount of isobutyl alcohol to the system. The resulting polymer solution was dried under reduced pressure 
to remove the unreacted 1-hexene, and then dried overnight under reduced pressure at 80 °C. As a result there was 
5 obtained 9.1 g of a 1 -hexene polymer (polymerization activity: 18.2 kg/mmol Tixhr). 

Synthesis Example? 2 

( Synthesis of bis(phenylamidomethyl)dimethylsilylene titanium dichloride> 

TO 

In a 300 ml-gtass flask thoroughly purged with nitrogen was dissolved 8.5886 g (0.0867 millimole) of a lithium salt 
of aniline in 100 ml of tetrahydrofuran, there were further added 6.3 ml (0.0431 millimole) of bis(chloromethyl)dimethyl- 
silane and 13.4 ml (0.0888 millimole) of N,N,N\NMetramethylethylenediamine. The solution was then reacted in tet- 
rahydrofuran for 6 hours under reflux conditions. After the reaction, 50 ml of water was added and the organic phase 
15 was recovered with a separatory funnel. After adding 1 4 ml of hydrochloric acid to the extract, washing the precipitated 
hydrochloride with ether and drying, extraction was performed with methylene chloride. After adding an aqueous solu- 
tion of sodium hydrogen carbonate to the extract, the organic phase was recovered with a separatory funnel. The 
organic phase was purified with a silica gel column to give 0.76 g of compound (b*). 

20 1 H-NMR(CDCI 3 ): 0.22 (s), 2.55 (s), 6.61 (d). 6.68 (t), 7.13 (t) 

To a 100 ml-glass container thoroughly purged with nitrogen were fed 0.4148 g (1 .534 millimoles) of the compound 
(b') and 10 ml of ether. The obtained mixture was cooled to -78 °C, then, 1.92 (3.072 millimoles) of a hexane solution 
of butyllithium was added dropwise. After raising the temperature to room temperature with stirring, it was cooled to -78 
25 °C and 0.1 7 ml (1 .550 millimoles) of titanium tetrachloride was added. After again raising the temperature to room tem- 
perature with stirring, ether extraction was performed and the solvent was distilled off from the extract under reduced 
pressure to give 0.51 g of the target substance represented by formula (b) below. 




Example 3 

(Preparation of catalyst solution) 

50 

To a glass container thoroughly purged with nitrogen was fed 1.94 mg of bis(phenylamidomethyl) cfimethylsilytene 
titanium dichloride. To the container was added 0.78 ml of a toluene solution of methylaluminoxane (Al : 1 .60 moles/liter) 
to obtain a catalyst solution. 

55 (Polymerization) 



To a 300 ml-glass flask thoroughly purged with nitrogen was fed 30 ml of 1-hexene, and the system temperature 
was raised to 60 °C. Then, 1 .25 millimoles of methylaluminoxane and 0.78 ml (0.005 millimole in terms of Ti) of the cat- 
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alyst solution prepared above were introduced, to initiate polymerization. Thereafter, a system temperature of 60 °C 
was then maintained for 6 minutes of polymerization. The polymerization was terminated by addition of a small amount 
of isobutyl alcohol to the system. The resulting polymer solution was dried under reduced pressure to remove the unre- 
ached 1 -hexene, and then dried overnight under reduced pressure at 80 °C. As a result there was obtained 0.8 g of a 1 - 
5 hexene polymer (polymerization activity: 1 .6 kg/mmol Tixhr). 

Example 4 

To a 500 ml -glass autoclave thoroughly purged with nitrogen was ind reduced 250 ml of toluene, and after passing 
10 through an ethylene flow at 100 liters/hour, it was allowed to stand at 25 °C for 10 minutes. Then, 1.25 millimoles of 
methylaluminoxane in terms of aluminum atoms was added, followed by addition of 0.005 millimole of the titanium 
amide compound (A-1) represented by formula (c) below, to initiate polymerization. Ethylene gas was continuously fed 
at rate of 100 liters/hour, and polymerization was performed under normal pressure at 25 °C for one hour. The polym- 
erization was terminated by addition of a small amount of methanol. The polymerization reaction solution was added to 
is a large excess of methanol/hydrochloric acid solution, and the resulting polymer was dried under reduced pressure at 
130 °c for 12 hours. This resulted in 1 .9 g of polymer. 




35 

Example 5 

To a 500 ml-glass autoclave thoroughly purged with nitrogen was introduced 250 ml of toluene, and after passing 
through an ethylene flow at 100 liters/hour, it was allowed to stand at 25 °C for 10 minutes. Then, 0.5 millimole of tri- 

40 isobutylammonium, 0.005 millimole of the titanium amide compound (A-1) represented by formula (c) above, and 0.006 
millimole of triphenylcarbenium tetrakis pentafluorophenyl borate were added in that order, to initiate polymerization. 
Ethylene gas was continuously fed at rate of 100 liters/hour, and polymerization was performed under normal pressure 
at 25 °C for one hour. The polymerization was terminated by addition of a small amount of methanol. The polymeriza- 
tion reaction solution was added to a large excess of methanol/hydrochloric acid solution, and the resulting polymer was 

45 dried under reduced pressure at 1 30 °C for 1 2 hours. This resulted in 1 .7 g of polymer. 

Comparative Example 1 

Ethylene was polymerized in the same manner as Example 4, except that the titanium amide compound (A-2) rep- 
so resented by formula (d) below was used instead of the titanium amide compound (A-1) in the polymerization of Example 
4. This resulted in 0.2 g of polymer. 
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15 

Example 6 

To a 500 ml-glass thoroughly purged with nitrogen was introduced 250 ml of toluene, and after passing through an 
ethylene/propylene mixed gas flow (70 irters/hr, 30 liters/hr, respectively), it was allowed to stand at 25 °C fa 10 min- 

20 utes. Then, 1 .25 millimoles of methylaluminoxane in terms of aluminum atoms was added, followed by addition of 0.005 
millimole of the titanium amide compound (A-1) represented by formula (c) above, to initiate polymerization. The ethyl- 
ene/propylene mixed gas was continuously fed, and polymerization was performed under normal pressure at 25 °C for 
one hour. The polymerization was terminated by addition of a small amount of methanol. The polymerisation reaction 
solution was added to a large excess of methanol/hydrochtoric acid solution, and the resulting polymer was dried under 

25 reduced, pressure at 130 °C for 12 hours. This resulted in 2.3 g of polymer having an ethylene content of 84% by mole. 

Example 7 

To a 500 ml-glass autoclave thoroughly purged with nitrogen was introduced 250 ml of toluene, followed by 5 ml of 
30 1-octene and passing through an ethylene gas flow at 100 liters/hour, it was allowed to stand at 25 °C for 10 minutes. 
Then, 1 .25 millimoles of methylaluminoxane in terms of aluminum atoms was added, followed by addition of 0.005 mil- 
limole of the titanium amide compound (A-1) represented by formula (c) above, to initiate polymerization. The ethylene 
gas was continuously fed at rate of 100 liters/hour, and polymerization was performed under normal pressure at 25 °C 
for one hour. The polymerization was terminated by addition of a small amount of methanol. The polymerization reac- 
35 tion solution was added to a large excess of methanot/hydrochloric acid solution, and the resulting polymer was dried 
under reduced pressure at 130 °C for 12 hours. This resulted in 2.1 g of polymer having an ethylene content of 95% by 
mole. 

Example 8 

40 

To a 100 ml-glass autoclave thoroughly purged with nitrogen was introduced 20 ml of heptane, followed by 20 ml 
of styrene, and the liquid phase and gas phase were saturated with ethylene. To the autoclave was added 1 millimole 
of methylaluminoxane in terms of aluminum atoms, followed by addition of 2 micromoles of the titanium amide com- 
pound (A-3) represented by formula (e) below, to initiate polymerization. Polymerization was conducted at 25 °C for one 
45 hour under a normal pressure ethylene gas atmosphere. Then, the polymerization was terminated by addition of a small 
amount of methanol. The polymerization reaction solution was added to a large excess of methanol/hydrochloric acid 
solution to precipitate the polymer. The resulting polymer was extracted with chloroform at room temperature and then 
the chloroform-soluble portion was extracted with acetone at room temperature. This resulted in 0.93 g of ethytene/sty- 
rene copolymer with a styrene content of 7% by mole, as the acetone-insoluble portion. 

so 
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Example 9 

Ethylene and styrene were copolymerized in the same manner as Example 8, except that the amount of heptane 
was changed from 20 ml to 30 ml and the amount of styrene was changed from 20 ml to 10 ml in the polymerization of 
Example 8. The extraction of the produced polymer was also carried out as in Example 8. This resulted in 1 .27 g of eth- 
ylene/styrene copolymer with a styrene content of 5% by mole. 

Example 10 

Ethylene and styrene were copolymerized in the same manner as Example 8, except that 2 micromoles of the tita- 
nium amide compound (A-4) represented by formula (f) below was used instead of the titanium amide compound (A-3) 
in the polymerization of Example 8. The extraction of the produced polymer was also carried out as in Example 1 . This 
resulted in 1.18 g of ethylene/styrene copolymer with a styrene content of 8% by mole. 



Me 




Me ...(f) 
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Example 11 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 60 ml of heptane, followed by 40 ml 
of 1 -hexene, and passing through an ethylene gas flow at 10 liters/hour, it was allowed to stand at 25 °C for 20 minutes. 

5 To the autoclave was added 1 millimole of methylaluminoxane in terms of aluminum atoms, followed by addition of 2 
micromoles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. The eth- 
ylene gas was continuously fed at rate of 10 liters/hour, and polymerization was performed under normal pressure at 
25 °C for 2 minutes. The polymerization was terminated by addition of a small amount of methanol. The polymerization 
reaction solution was added to a large excess of methanol/hydrochloric acid solution, and the resulting polymer was 

w dried under reduced pressure at 1 30 °C for 1 2 hours. This resulted in 3.3 g of polymer having a [r\) of 0.58 dl/g and an 
ethylene content of 12% by mole. 

Examplq 12 

is To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 60 ml of heptane, followed by 40 ml 
of 1 -hexene and passing through an ethylene gas flow at 10 liters/hour, it was allowed to stand at 25 °C for 20 minutes. 
To the autoclave were added 0.5 millimole of triisobutylaluminum, 2 micromoles of the titanium amide compound (A-3) 
represented by formula (e) above, and 3 micromoles of triphenylcarbenium tetraWspentafluorophenyl borate in that 
order, to initiate polymerization. The ethylene gas was continuously fed at rate of 10 liters/hour, and polymerization was 

20 performed under normal pressure at 25 °C for 2 minutes. The polymerization was terminated by addition of a small 
amount of methanol. The polymerization reaction solution was added to a large excess of methanol/hydrochloric acid 
solution, and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. This resulted in 3.5 g of 
polymer having a (r|) of 1 .48 dl/g and an ethylene content of 10% by mole. 

25 Example 13 

Ethylene and 1 -octene were copolymerized in the same manner as Example 1 1 , except that 40 mi of 1 -octene was 
used instead of the 1 -hexene in the polymerization of Example 1 1 . This resulted in 2.8 g ol polymer having a ft) of 0.48 
dl/g and an ethylene content of 14% by mole. 

30 

Example 14 

Ethylene and 1 -octene were copolymerized in the same manner as Example 1 2, except that 40 ml of 1 -octene was 
used instead of the 1 -hexene in the polymerization of Example 12. This resulted in 3.1 g of polymer having a (t|) of 1 .29 
35 dl/g and an ethylene content of 1 1% by mole. 

Example 15 

Ethylene and 1 -hexene were copolymerized in the same manner as Example 11, except that 2 micromoles of the 
40 titanium amide compound (A-5) represented by formula (g) below was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in the polymerization of Example 11,. This resulted in 2.9 g of poly- 
mer having a (n) of 0.37 dl/g and an ethylene content of 10% by mole. 



45 



50 
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Example 16 

25 

Ethylene and 1-hexene were copolymerized in the same manner as Example 12, except that 2 micromoles of the 
titanium amide compound (A-5) represented by formula (g) above was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in the polymerization of Example 1 2. This resulted in 3.1 g of polymer 
having a (n.) of 1.24 dl/g and an ethylene content of 10% by mole. 

30 

Example 17 

Ethylene and 1-hexene were copolymerized in the same manner as Example 11, except that 2 micromoles of the 
titanium compound (A-4) represented by formula (f) above was used instead of the titanium amide compound (A-3) in 
35 the polymerization of Example 1 1 . This resulted in 3.1 g of polymer having a (rj) of 0.51 dl/g and an ethylene content of 
10% by mole. 

Example 18 

40 Ethylene and 1-hexene were copolymerized in the same manner as Example 12, except that 2 micromoles of the 
titanium amide compound (A-4) represented by formula (f) above was used instead of the titanium amide compound (A- 
3) in the polymerization of Example 1 2. This resulted in 3.8 g of polymer having a {r\) of 1 .39 dl/g and an ethylene con- 
tent of 9% by mole. 

45 ExgmplQ 19 

To a 2 liter-stainless steel autoclave thorougly purged with nitrogen was introduced 800 ml of hexane, followed by 
200 ml of 1-hexene, the system temperature was raised to 40 °C. Then, 1 millimole of methyialuminoxane in terms of 
aluminum atoms and 0.2 micromole of the titanium amide compound (A-3) represented by formula (e) above were 
so injected into the autoclave together with ethylene, to initiate polymerization. Thereafter, ethylene was continuously fed 
to keep the total pressure at 8 kg/crr^-G, and polymerization was performed at 50 °C for 30 minutes. The polymerization 
was terminated by injection of a small amount of methanol. The polymerization reaction solution was added to a large 
excess of methanol/hydrochloric acid solution, and the resulting polymer was dried under reduced pressure at 130 °C 
for 12 hours. This resulted in 16.8 g of polymer having a (?i) of 1 .82 dl/g and an ethylene content of 84% by mole. 

55 

Example 2Q 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was intoduced 60 ml of heptane, followed by 40 ml of 
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1 -hexene and passing through a propylene gas flow at 10 liters/hour, it was allowed to stand at 25 °C for 20 minutes. To 
the autoclavae was added 1 millimole of methylaluminoxane in terms of aluminum atoms, followed by addition of 2 
micromoles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. The pro- 
pylene gas was continuously fed at rate of 10 liters/hour, and polymerization was performed under normal pressure at 
5 25 °C for 2 minutes. The polymerization was terminated by addition of a small amount of methanol. The polymerization 
reaction solution was added to a large excess of methanol/hydrochloric acid solution, and the resulting polymer was 
dried under reduced pressure at 130 °C for 12 hours. This resulted in 1 .9 g of polymer having a (n) of 0.39 dl/g and a 
propylene content of 9% by mole. 

10 Example 21 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 60 ml of heptane, followed by 40 ml 
of 1 -hexene and passing through a propylene gas flow at 10 liters/hour, it was allowed to stand at 25 °C for 20 minutes. 
To the autoclave were added 0.5 millimole of triisobutylaluminum, 2 micromoles of the titanium amide compound (A-3) 

75 represented by formula (e) above, and 3 micromoles of triphenylcarbenium tetrakispentafluorophenyl borate in that 
order, to initiate polymerization. The propylene gas was continuously fed at rate of 10 liters/hour, and polymerization 
was performed under normal pressure at 25 °C for 2 minutes. The polymerization was terminated by addition of a small 
amount of methanol. The polymerisation reaction solution was added to a large excess of methanol/hydrochloric acid 
solution, and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. This resulted in 2.3 g of 

20 polymer having a (rj) of 1 . 1 6 dl/g and a propylene content of 8% by mole. 

Exa mpl e & 

Propylene and 1 -hexene were copolymerized in the same manner as Example 20, except that 2 micromoles of the 
25 titanium amide compound (A-5) represented by formula (g) above was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in the polymerization of Example 20. This resulted in 1 .7 g of polymer 
having a (t|) of 0.31 dl/g and a propylene content of 8% by mole. 

Example 23 

30 

Propylene and 1 -hexene were copolymerized in the same manner as Example 21 , except that 2 micromoles of the 
titanium amide compound (A-5) represented by formula (g) above was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in the polymerization of Example 21 . This resulted in 1 .8 g of polymer 
having a (t|) of 0.98 dl/g and a propylene content of 8% by mole. 

35 

Example 24 

Propylene and 1-octene were copolymerized in the same manner as Example 20, except that 40 ml of 1-octene 
was used instead of 1 -hexene, and 2 micromoles of the titanium amid compound (A-4) represented by formula (f) above 
40 was used instead of the titanium amide compound (A-3) in the polymerization of Example 20. This resulted in 1.9 g of 
polymer having a (n) of 0.36 dl/g and a propylene content of 1 0% by mole. 

Example 25 

45 Propylene and 1 -octene were copolymerized in the same manner as Example 21 , except that 40 mi of 1 -octene 
was used instead of 1 -hexene, and 2 micromoles of the titanium amide compound (A-4) represented by formula (f) 
above was used instead of the titanium amide compound (A-3) in the polymerization of Example 21. This resulted in 
2.7 g of polymer having a (ti) of 1 .07 dl/g and a propylene content of 10% by mole. 

so Ex ample 26 

1 -butene and 1 -hexene were copolymerized in the same manner as Example 20, except that a 1 -butene flow of 10 
liters/hour was passed through instead of propylene gas, and 2 micromoles of the titanium amide compound (A-4) rep- 
resented by formula (f) above was used instead of the titanium amide compound (A-3), in the polymerisation of Exam- 
55 pie 20. This resulted in 1 .7 g of polymer having a (rj) of 0.28 dl/g and a 1 -butene content of 1 4% by mole. 



75 



EP0 893 454A1 



Example 27 

To a 100 ml-glass autoclave thoroughly purged with nitrogen was intoduced 20 ml of a cyclohexane solution con- 
taining a 0.43 g/ml concentration of norbornene, and the liquid phase and gas phase were saturated with ethylene. To 

5 the autoclave was added 1 millimole of methylaluminoxane in terms of aluminum atoms, followed by addition of 2 micro- 
moles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. Polymeriza- 
tion was performed at 25 °C for 1 hour under a normal pressure ethylene gas atmosphere. Then, the polymerization 
was terminated by addition of a small amount of methanol. The polymerization reaction solution was added to a large 
excess of methanoi/hydrochloric acid solution, and the resulting polymer was dried under reduced pressure at 130 °C 

70 for 1 2 hours. This resulted in 1 .5 g of polymer having a norbornene content of 47% by mole. 

Comparative Example 2 

Ethylene and norbornene were copolymerized in the same manner as Example 27, except that 2 micromoles of 
15 bis(n-octyl)amide titanium trichloride was used instead of the titanium amide compound (A-3) in the polymerization of 
Example 27. This resulted in 0.16 g of polymer having a norbornene content of 36% by mole. 

Example 29 

20 To a 1 00 ml-glass autoclave thoroughly purged with nitrogen was introduced 1 0 ml of cyclohexane, followed by 1 0.5 
g of tetracyclo[4.4.0.1 2 ' 5 .1 7,10 ]-3-dodecene (hereunder abbreviated as TCD"), and the liquid phase and gas phase 
were saturated with ethylene. To the autoclave was added 1 millimole of methylaluminoxane in terms of aluminum 
atoms, followed by addition of 2 micromoles of the titanium amide compound (A-3) represented by formula (e) above, 
to initiate polymerization. Polymerization was performed at 25 °C for 1 hour under a normal pressure ethylene gas 

25 atmosphere. Then, the polymerization was termianted by addition of a small amount of methanol. The polymerization 
reaction solution was added to a large excess of methanoi/hydrochloric acid solution, and the resulting polymer was 
dried under reduced pressure at 1 30 °C for 1 2 hours. This resulted in 1 . 1 g of polymer having a TCD content of 44% by 
mole. 

30 Example 29 

Ethylene and norbornene were copolymerized in the same manner as Example 27, except that 2 micromoles of the 
titanium amide compound (A-4) represented by formula (f) above was used instead of the titanium amide compound (A- 
3) in the polymerization of Example 27. This resulted in 1 .6 g of polymer having a norbornene content of 48% by mole. 

35 

Exajnplg 3Q 

(Preparation of hexane slurry of methylaluminoxane (b-1)) 

40 To a 500 ml-glass reactor equipped with a stirrer blade was introduced 1 00 ml of a toluene solution of methylalumi- 
noxane (1.5 moles/liter in terms of aluminum atoms) under a nitrogen atmosphere, and then 100 ml of nitrogen- 
replaced hexane was added dropwise over one hour at room temperature while stirring. After filtering the resulting solid 
methylaluminoxane, it was washed with hexane and dried under reduced pressure, and all except a portion to be used 
for analysis was suspended in hexane to prepare a hexane slurry of methylaluminoxane (b-1) (1 .0 mole/liter in terms of 

45 aluminum atoms). The area to weight ratio of the methylaluminoxane was 180 rr^/g. 

(Polymerization) 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 75 ml of heptane, followed by 25 ml 
so of 1-octene, and passing through an ethylene gas flow at 10 liters/hour and it was kept at 50 °C for 20 minutes. To the 
autoclave was added 1 ml of the hexane slurry of methylaluminoxane (b-1) obtained above, followed by addition of 2 ml 
of a heptane solution of the titanium amide compound (A-6) represented by formula (h) below (1 millimole/liter), to ini- 
tiate polymerisation. The ethylene gas was continuously fed at rate of 10 liters/hour, and polymerization was performed 
under normal pressure at 50 °C for 2 minutes. The polymerization was terminated by addition of a small amount of 
55 methanol. The polymerization reaction solution was added to a large excess of methanoi/hydrochloric acid solution, 
and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. This resulted in 3.4 g of polymer 
having a (rj) of 0.39 dl/g and an ethylene content of 13% by mole. 
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25 Example 31 

To a 20 ml-glass container thoroughly purged with nitrogen was introduced 2.5 ml of the hexane slurry of methyla- 
luminoxane (b-1) obtained in Example 30, and then 1 micromole of bis(bis(trimethylsilyl)amidej zirconium dichloride 
([Me 3 Si)2N] 2 ZrCl2) was added thereto and the mixture was stirred for 5 minutes to obtain a precontacted catalyst (a-1 ). 

30 Separately, to a 1 liter-stainless steel autoclave thoroughly purged with nitrogen was introduced 300 ml of heptane, 
followed by 100 ml of 1 -hexene, and the system temperature was raised to 40 °C. The total amount of the aforemen- 
tioned precontacted catalyst (a-1) was then injected with ethylene to initiate polymerization. Ethylene wss continuously 
fed to keep the total pressure at 5 kg/cm 2 -G, and polymerization ws performed at 70 °C for 30 minutes. The polymeri- 
zation was terminated by addition of a small amount of methanol by injection. The polymerization reaction solution was 

35 added to a large excess of methanol/hydrochloric acid solution, and the resulting polymer was dried under reduced 
pressure at 130 °C for 12 hours. This resulted in 4.8 g of an ethylene/1 -hexene copolymer having a ft) of 2.7 dl/g. 

Example 32 

40 To a 500 ml-glass autoclave thoroughly purged with nitrogen was introduced 250 ml of heptane, and passing 
through an ethylene gas flow at 100 liters/hour, it was allowed to stand at 25 °C for 10 minutes. Then, to the autoclave 
was added 2.5 ml of the hexane slurry of methyialuminoxane (b-1 ) obtained in Example 30, followed by addition of 5 ml 
of a heptane solution of the titanium amide compound (A- 7) represented by formula (i) below (1 millimole/liter), to initi- 
ate polymerization. The ethylene gas was continuously fed at rate of 100 liters/hour, and polymerization was performed 

45 under normal pressure at 25 °C for 30 minutes. The polymerization was terminated by addition of a small amount of 
methanol. The polymerisation reaction solution was added to a large excess of methanol/hydrochloric acid solution, 
and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. This resulted in 3.8 g of polymer. 
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20 Example 33 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 75 ml of heptane, followed by 25 ml 
of 1 -octene. This was allowed to stand at 50 °C. Then, to the autoclave was added 1 ml of the hexane slurry of methy- 
laluminoxane (b-1) obtained in Example 30, followed by addition of 2 ml of a heptane solution of the titanium amide 
25 compound (A-4) represented by formula (f) above (1 millimole/liter), to initiate polymerization. Polymerization was per- 
formed under a normal pressure nitrogen atmosphere at 50 °C for 2 minutes. Then, the polymerization was terminated 
by addition of a small amount of methanol. The polymerization reaction solution was added to a large excess of meth- 
anol/hydrochloric acid solution, and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. 
This resulted in 2.8 g of polymer having a (n.) of 0.36 dl/g. 



To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 75 ml of heptane, followed by 25 ml 
of 1 -octene. This was allowed to stand at 50 °C. Then, to the autoclave was added 1 ml of the hexane slurry of methy- 

35 laluminoxane (b-1) obtained in Example 30, followed by addition of 2 ml of a heptane solution of the titanium compound 
(A-3) represented by formula (e) above (1 millimole/liter), to initiate polymerization. Polymerization was performed 
under a normal pressure nitrogen atmosphere at 50 °C for 2 minutes. Then, the polymerization was terminated by addi- 
tion of a small amount of methanol. The polymerization reaction solution was added to a large excess of metha- 
nol/hydrochloric acid solution, and the resulting polymer was dried under reduced pressure at 1 30 °C for 1 2 hours. This 

40 resulted in 2.4 g of polymer having a (r|) of 0.44 dl/g. 

Example 35 

(Preparation of decane slurry of methylaluminoxane (b-2)) 



To a 500 ml-glass reactor equipped with a stirrer blade was introduced 100 ml of a toluene solution of methylalumi- 
noxane (1.5 moles/liter in terms of aluminum atoms) under a nitrogen atmosphere, and then 100 ml of nitrogen- 
replaced decane was added dropwise over one hour at room temperature while stirring. The toluene was distilled off 
from the resulting solid methylaluminoxane slurry under reduced pressure (45 °C, 10 mmHg). Decane was added 
so thereto to prepare a decane slurry of methylaluminoxane (b-2) (0.9 mole/liter in terms of aluminum atoms). The area to 
weight ratio of the methylaluminoxane was 180 n^/g. 

(Polymerization) 

55 1 -octene was polymerized in the same manner as Example 34, except that 1 . 1 ml of the decane slurry of methyla- 
luminoxane (b-2) obtained above was used instead of the hexane slurry of methylaluminoxane (b-1) in the polymeriza- 
tion of Example 34. This resulted in 2.3 g of polymer having a (t|) of 0.42 dl/g. 



30 



Example 34 
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Example 3$ 

1-octene was polymerized in the same manner as Example 34, except that no heptane was used, and 100 ml of 
the 1 -octene monomer was used as the polymerization solvent in Example 34. This resulted in 2.6 g of polymer having 
a(ri)of0.49dt/g. 

Claims 

1 . An olefin polymerization catalyst comprising: 

(A) a metal amide compound represented by general formula (I) below and at least one co-catalyst selected 

from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with said metal amide compound (A) to form ion pairs, 
and 

(B-3) organometallic compounds, 




where M 1 represents a transition metal of Group 4 or Groups 8 to 10 of the Periodic Table, R 1 represents 
a hydrocarbon group of 1 to 15 carbon atoms, the two R 1 groups being the same or different; and R 2 rep- 
resents a divalent bonding group selected from among general formulas (a) and (b) below: 



(R 6 )m 

yX K yX 7\s 

(a) (b) 



where X 1 represents a silicon -containing divalent group, a germanium-containing divalent group, a tin-con- 
taining divalent group, -0-, -CO-, -S-, -SO-, -S0 2 -, -C(R 31 ) p -S-C(R 32 ) q - (where R 31 and R 32 are each 
hydrogen atom, the same or different alkyi groups or are linked together to form a ring of 3 to 30 carbon 
atoms, and p and q are 1 or 2), -NfR 5 )-, C(R 33 ) r -N-C(R 34 ) 8 - (where R 33 and R 34 are each hydrogen atom, 
the same or different alkyl groups or are linked together to form a ring of 3 to 30 carbon atoms, and r and 
s are 1 or 2), -PfR 5 )-, -P(0)(R 5 )-, -BfR 5 )- or -AI(R 5 ); R 5 and R 6 may be the same or different and each rep- 
resents a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a hydrogen atom or a halogen atom; 

and when R 1 is a (substituted) phenyl group, at least one of the groups represented by R 5 or R 6 is not a 
hydrogen atom; m is 1 or 2, the multiple R 5 groups and R 6 groups each may be the same or different, 2 or 
more of the groups R 5 and R 6 may be linked to form a ring; 
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and when m is 1 , R 6 is linked to its adjacent R 5 to form a mononuclear or polynudear aromatic ring); and 
each R 3 may be the same or different, with each representing a hydrocarbon group of 1 to 15 carbon 
atoms, a hydrogen atom or a halogen atom, and the multiple R 3 groups being the same or different. 

An olefin polymerization catalyst comprising: 

(A) a metal amide compound represented by the general formula (I) above (B) 
(B) 

(B-1) an organoaluminum oxy-compound and/or (B-2) a compound which reacts with said metal amide 
compound (A) to form an ion pair, and optionally, 
(B-4) an organoaluminum compound. 

An olefin polymerization catalyst as claimed in claim 1 or 2, wherein R 1 of the general formula (I) is a hydrocarbon 
group with an aromatic ring. 

A process for producing an olefin polymer, comprising homopolymerizing an olefin, or copolymerizing 2 or more 
olefins, in the presence of an olefin polymerization catalyst according to any of claims 1 to 3. 

An olefin polymerization catalyst comprising: 

(A') a transition metal amide compound represented by general formula (II) below and at least one compound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the transition metal amide compound (A') to form ion pairs, 
and 

(B-3) organometallic compounds. 




...(II) 



where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table; 

R 11 to R 20 may be the same or different, and each represents a hydrogen atom or halogen atom, a 
hydrocarbon group, halogenated hydrocarbon group, organosilyl group, altoxy group or aryloxy group, 
-COOR 21 , -N(R 22 )C(0)R 23 , -OC(0)R 24 , -CN, -NR 25 2 or -N(R 26 )S(02)R 27 (where R 21 to R 27 represent 
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alkyl groups of 1 to 5 carbon atoms), at least one of R 1 1 to R 15 is a group other than a hydrogen atom, 
at least one of R 16 to R 20 is a group other than a hydrogen atom, at least 2 of the groups represented 
by R 11 to R 15 may be linked together to form a ring, and at least 2 of the groups represented by R 16 
to R 20 may be linked together to form a ring; 
m is 1 or 2; 
n is 1 or 2; 

A 1 represents an atom of Group 14 of the Periodic Table, and when n is 2, the two groups represented 
by A 1 may be the same or different; 

E may represent the same or different groups and represents at least one atom selected from among 
carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phosphorus, boron and silicon or substituents 
containing these atoms, and any 2 or more groups represented by E may be linked together to form a 
ring; 

p represents an integer of 0 to 4; and 

X 2 represents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogen- 
ated hydrocarbon group of 1 to 20 carbon atoms, or an oxygen-containing group, suffu^containing 
group or silicon-containing group, and when p is 2 or greater the groups represented by X 2 may be the 
same or different. 

A process for polymerizing an olefin polymer, comprising polymerizing or copolymerizing olefins in the presence of 
an olefin polymerization catalyst as claimed in claim 5. 

An olefin polymerization catalyst comprising: 

(A") a transition metal amide compound represented by general formula (III) below and at least one compound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the transition metal amide compound (A") to form ion pairs, 
and 

(B-3) organometallic compounds. 




. . . (Ill) 



where M 2 represents a transition metal of Groups 3 to 6 of the Periodic Table; 

R 1 1 to R 20 may be the same or different, and each represents a hydrogen or halogen atom, a hydro- 
carbon group, halogenated hydrocarbon group, organosilyl group, alkoxy group or aryloxy group, - 
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COOR 21 , -NfR^CfOJR 23 , -OC(0)R 24 . -CN, -NR 25 2 or 

-N(R 26 )S(0 2 )R 27 (where R 21 to R 27 represent alkyl groups of 1 to 5 carbon atoms), at least one of R 1 1 
to R 15 is a group other than a hydrogen atom, at least one of R 16 to R 20 is a group other than a hydro- 
gen atom, at least 2 of the groups represented by R 11 to R 15 may be linked together to form a ring, 
5 and at least 2 of the groups represented by R 16 to R 20 may be linked together to form a ring; 

m is an integer of 0 to 2; 
n is an integer of 3 to 5; 

Each A 2 may be the same or different, and represents an atom of Groups 13 to 16 of the Periodic 
Table; 

10 E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, 

sulfur, phosphorus, boron and silicon or substituents containing these atoms, and with more than one 
E group, the E groups may be the same or different and any 2 or more groups represented by E may 
be linked together to form a ring; 
p represents an integer of 0 to 4; and 

15 X 2 represents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogen- 

ated hydrocarbon group of 1 to 20 carbon atoms, or an oxygen-containing group, sulfur-containing 
group or silicon-containing group, and when p is 2 or greater the groups represented by X 2 may be the 
same or different. 

20 8. A process for producing an aromatic vinyl compound/a-olefin copolymer, comprising copolymerizing an aromatic 
vinyl compound and an a-olefin in the presence of an olefin polymerization catalyst as claimed in claim 7. 

9. A process for producing an ethylene/a-olef in copolymer, comprising copolymerizing an a-olefin of 3 or more carbon 
atoms and ethylene in the presence of an olefin polymerization catalyst as claimed in claim 7. 

25 

10. A process for producing an a-olefin random copolymer, comprising copolymerizing at least two of a-olefins 
selected from a-olefins of 3 or more carbon atoms, in the presence of an olefin polymerization catalyst as claimed 
in claim 7. 

30 11. A process for producing a cyclic olefin copolymer, comprising copolymerizing a linear or branched olefin and a 
cyclic olefin in the presence of an olefin polymerization catalyst as claimed in claim 7. 

12. A process for polymerizing an olefin, comprising polymerization or copolymerization of olefins in the presence of 
an olefin polymerization catalyst comprising: 

35 

(A'") a transition metal amide compound represented by general formula (IV) below 



(R 2 N) k M2 xV k (IV) 



where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table, j is the valency of the tran- 
sition metal atom M. k is an integer of 1 to j, each R may be the same or different and represents a hydrogen 

45 atom, a hydrocarbon group, a halogenated hydrocarbon group, an organosilyl group or a substituent with at 

least one element selected from among nitrogen, oxygen, phosphorus, sulfur and silicon, the groups repre- 
sented by R may be linked together to form a ring, when k is 2 or greater, two R groups bonded to different 
nitrogen atoms may be bonded together to form a bonding group which bonds the 2 nitrogen atoms, X 2 repre- 
sents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 

so group of 1 to 20 carbon atoms or an oxygen-containing group, sulfur-containing group or silicon-containing 

group, and when j-k is 2 or greater, each X 2 may be the same or different; and 
(B-1) an organoaluminum oxy- com pound, 

wherein said organoaluminum oxy-compound (B-1) is added to the polymerization system in a form of 
an aliphatic hydrocarbon or alicyclic hydrocarbon slurry. 
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Fig.1 




(A) Transition metal component 
R 1 

/ \ 
R 1 — N N — R 1 



M 

./ \ 



M : Transition metal of Groups 4 or Groups 8 to 10 
R 1 : Hydrocarbon of Ci to C15 
R 2 :-C(R 5 )2-C(R 6 )2-C(R 5 )2- 

-C(R 5 )2-Si(R 6 )2-C(R 5 )2-,ete. 
R 3 ,R 4 : Hydrocarbon of Ci to Cis, hydrogen, halogen 



(B) Organometallic component 
^ Organoaluminum oxy-compound ^ - 



c 



Ionizing ionic compound 



Olefin 



^ Organoaluminum compound *\ 
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Fig.2 

(A) Transition metal component 




R 13 










^R 1S 






> 2 Xp 2 













M 2 : Transition metal atom of Groups 3 to 6 
R 11 ~R 20 : Halogen, hydrocarbon, etc. 
( (Em)A 1 )n : Hydrocarbon, etc. 
n:1 or2 
X 2 : Halogen, etc. 

(B) Organometallic component 



c 
c 



Organometallic compound 



Organoaluminum oxy-compound 



> 
> 



Compound which reacts with transition 
metal compound to form ion pair 



ition i\ 



(C) 3rd component 
( Rne particle carrier ) 



Olefin 
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Fig. 3 

(A) Transition metal component 





R 13 




/ R\ 


















((Em)A 2 K 




> 2 xp 2 




















R 18 





M 2 : Transition metal atom of Groups 3 to 6 
R 11 ~R 20 : Halogen, hydrocarbon, etc. 
( (Em)A 2 )n : Hydrocarbon, etc. 
n:3to5 
X 2 : Halogen, etc. 

(B) Organometallic component 



c 
c 



Organometallic compound 



Organoaluminum oxy-compound 



> 
>■ 



itton\ 



Compound which reacts with transition 
metal compound to form ion pair 



(C) 3rd component 
( Fine particle carrier ) 



Aromatic vinyl 
compound 
a-olefin 

Cyclic olefin 
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Fig. 4 



(A) Transition metal component 



(R2N)kM 2 X 2 j-k 



M 2 : Transition metal atom ot Groups 3 to 6 
R : Hydrocarbon, etc. 
X 2 : Halogen, etc. 

j : Valency of M atom 

k : 1 to J 



(B) Organometallic component 



c 



Organoaluminum oxy-compound 



> 



*1 



^ (Organometallic compound) J- 



Olefin 



* 1 : Added to polymerization system in a form of an aliphatic 
hydrocarbon or alicyclic hydrocarbon slurry 
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